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A  GENERAL  ACCOUNT  OF  THE  OBSERVATORY. 


By  WILLIAM  J.  HUSSEY. 


HISTURICAL. 

Tlie  legislative  Acts  providing  for  the  organ- 
ization of  the  University  of  Michigan  were  ap- 
proved on  March  i8,  and  June  21,  1837.  These 
Acts  contemplated  the  appointment  of  a  Chan- 
cellor of  the  University,  but  during  the  early 
years  of  the  Institution  this  office  was  not  filled, 
the  ordinary  duties  of  President  being  performed 
in  turn  by  members  of  the  faculty.  It  was  not 
until  the  new  State  Constitution  of  185 1  was 
adopted,  with  its  provisions  for  the  reorganiza- 
tion of  the  University  and  the  betterment  of  its 
conditions,  that  it  became  mandatory  on  the  part 
of  the  Board  of  Regents  to  elect  a  President. 
They  were  fortunate  in  securing  Dr.  Henry  P. 
Tappan  to  fill  this  important  post.  He.  was  a 
man  of  great  energy  and  ability,  who  looked  be- 
yond the  narrow  horizon  of  the  time,  and  by  well- 
directed  effort,  in  a  few  short  years,  established 
conditions  which  have  had  a  great  influence  on 
the  subsequent  history  of  the  University  and  up- 
on higher  education  in  the  West.  So  important 
was  his  work  that  it  may  be  said  that  he  was  the 
real  founder  of  the  University. 

Dr.  Tappan  came  to  Ann  Arbor  in  October, 
1853,  and  delivered  his  inaugural  address  in  the 
following  December.  On  this  occasion  he  pre- 
sented his  policy  of  making  the  institution  at 
Ann  Arbor  a  University  worthy  of  the  name, 
and  he  appealed  to  the  people  to  take  an  interest 
in  it  and  give  it  their  loyal  support.  At  the  con- 
clusion of  the  address,  Mr.  Henry  N.  Walker, 
then  a  prominent  citizen  of  Detroit,  came  to  him 
and  inquired  in  what  way  he  could  be  of  service 
to  the  University.  Dr.  Tappan  was  already  plan- 
ning an  expansion  of  the  curriculum  by  the  in- 
troduction of  engineering  and  scientific  studies, 
and  he  at  once  suggested  that  ]\Ir.  Walker  raise 
funds  in  Detroit  for  the  establishment  of  an  As- 
tronomical Observatory.  A  meeting  was  held 
there  a  few  days  later,  for  the  consideration  of 
the  project.  Dr.  Tappan  and  others  spoke  in 
favor  of  it,  with  the  result  that  $7,000  were  im- 
mediately raised,  the  Honorable  Henry  X.  Walk- 


er, General  Lewis  Cass,  Governor  Henry  Porter 
Baldwin,  and  Senator  Z.  Chandler,  each  sub- 
scribing $500,  on  condition  that  $10,000  be  ob- 
tained within  a  year.  Mr.  Walker  took  a  leading 
part  in  raising  the  funds,  which  eventually 
amounted  to  about  $15,000,  of  which  he  gave 
$4,000.  In  honor  of  the  citizens  of  Detroit, 
whose  initial  gifts  made  it  possible,  the  Observa- 
tor\'  was  named  "Detroit  Observatory."  The 
original  building  and  instruments  cost  $22,000, 
of  which  $7,000  were  supplied  by  the  Board  of 
Regents  from  University  funds.  Subsequently 
the  citizens  of  .Ann  .\rbor  contributed  $2,500  and 
those  of  Detroit  $3,000,  for  needed  improve- 
ments. 

In  the  beginning  it  was  the  intention  to  buy  a 
large  telescope  only  and  provide  a  building  for 
it,  but  the  liberality  of  the  citizens  of  Detroit  soon 
made  it  evident  that  the  plan  could  be  enlarged  to 
include  what  was  then  regarded  as  the  equipment 
of  a  complete  Observatory. 

A\'hen  the  funds  were  assured,  Dr.  Tappan  act- 
ed upon  the  advice  of  his  scientific  friends  and 
placed  an  order  with  Mt.  Henry  Fitz,  of  New 
York,  for  a  refracting  telescope,  equatorially 
mounted,  of  not  less  than  twelve  inches  aperture, 
at  a  cost  of  $6,000.  At  that  time  there  were  only 
two  larger  refractors  in  the  world ;  namely,  two 
fifteen-inch  telescopes,  one  belonging  to  the  Im- 
perial Russian  Observator)-,  at  Pulkowa,  and  the 
other  to  the  Harvard  College  Observatory.  The 
refractor  for  Ann  Arbor  was  the  first  large  tele- 
scope constructed  entirely  in  the  United  States, 
a  country  which  has  since  become  noted  for  the 
perfection  and  power  of  its  astronomical  instru- 
ments. 

In  ]\Iarch,  1853,  while  President  Tappan  was 
in  Europe,  mainly  in  the  interest  of  the  Observa- 
tory, ilr.  \\'^alker,  acting  in  concurrence  with 
him,  made  arrangements  with  ]\Ir.  George  Bird, 
of  New  York,  to  superintend  the  construction  of 
the  Obser\-atorj'  building.  Four  acres  of  land, 
outside  the  citv,  on  a  hill  overlooking  the  vallev 
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of  the  Huron  River,  were  purchased  as  a  site, 
at  a  cost  of  $ioo  per  acre. 

During  his  trip  abroad,  President  Tappan  vis- 
ited the  principal  observatories  of  Europe,  and 
at  Berlin  had  the  good  fortune  to  make  the  ac- 
quaintance of  Professor  Encke,  and  his  young 
Assistant,  Dr.  Francis  Briinnow.  They  took 
great  interest  in  the  new  observatory  and  gener- 
ously gave  their  counsel  as  to  its  equipment.  Up- 
on their  advice  a  Meridian  Circle  was  ordered 
from  Pistor  and  Martins,  and  an  astronomical 
clock  from  M.  Tiede,  both  of  Berlin.  They  con- 
stantly supervised  the  construction  of  these  in- 
struments, and  when  the  clock  was  completed, 
they  tested  it  thoroughly  before  it  was  shipped  to 
the  United  States. 

]More  important  than  the  instruments  which 
President  Tappan  obtained  in  Germany  was  the 
man  whom  he  found  in  Berlin  and  persuaded  to 
come  to  America  to  be  the  first  Director  of  the 
Observatory.  To  this  circumstance,  more  than 
to  any  other,  is  due  the  early  fame  of  the  Observ- 
atory and  the  wide  influence  which  it  has  had 
on  the  development  of  Astronomy  in  the  United 
States.  When  Dr.  Francis  Briinnow  received 
this  appointment  he  was  already  widely  known, 
by  reason  of  his  numerous  contributions  to  Theo- 
retical and  Practical  Astronomy,  and  particular- 
ly for  his  able  treatise  on  Spherical  Astronomy. 
During  his  residence  at  Ann  Arbor  he  continued 
his  contributions  to  various  astronomical  period- 
icals, issued  his  tables  of  the  minor  planets  Flora 
and  Victoria^  and,  from  1858  to  1862,  published 
the  Astronomical  A'oticcs,  a  periodical  which  was 
designed  as  a  medium  for  the  prompt  publica- 
tion of  the  observations  and  scientific  investiga- 
tions of  the  officers  of  this  and  of  other  observa- 
tories. 

Dr.  Briinnow  arrived  in  Ann  Arbor,  in  July, 
1854,  about  the  time  the  Observatory  building 
was  completed,  and  within  a  few  months  he  had 
installed  the  Meridian  Circle  and  had  begun  to  use 
it.  There  was  some  delay  in  getting  the  refractor 
in  readiness  for  use.  When  first  set  up  it  was  not 
entirely  satisfactory  and  had  to  be  dismounted  to 
enable  the  constructor  to  make  some  necessary 
alterations.  It  was  finally  re-erected  and  made 
ready  for  use  in  December,  1857. 

Dr.  Briinnow  was  one  of  the  small  number  of 


men,  who  at  that  early  time  gave  the  University 
its  high  character  for  scientific  instruction.  On 
his  arrival  he  immediately  planned  advanced 
courses  in  Theoretical  and  Practical  Astronomy, 
extending  over  two  and  a  half  years,  in  contin- 
uation of  the  elementary  course  which  was  then 
required  of  all  students  in  the  first  semester  of 
the  Junior  year.  Notable  among  those  who  elect- 
ed these  advanced  courses,  soon  after  the}'  were 
offered,  were  Cleveland  Abbe,  Asaph  Hall,  Sr., 
and  James  C.  Watson. 

In  1859,  Dr.  Briinnow  accepted  the  position  of 
Associate  Director  of  the  Dudley  Observator}', 
in  conjunction  with  Professor  O.  M.  Mitchell, 
who,  while  retaining  his  position  as  Director  of 
the  Cincinnati  Observatory,  which  he  had  found- 
ed, also  assumed  the  direction  of  the  new  institu- 
tion at  Albany.  It  was  the  intention  that  the  two 
observatories  should  work  together  in  the  for- 
mation of  a  large  catalogue  of  stars,  and  to  this 
end,  it  was  to  be  Dr.  Briinnow's  task  to  bring 
into  immediate  activity  the  new  Olcott  ]\Ieridian 
Circle  of  the  Dudley  Observatory.  After  a  year 
this  work  was  interrupted,  for  the  Board  of  Re- 
gents then  iirgentl}'  requested  Dr.  Briinnow  to 
return  to  Ann  Arbor,  where  he  remained  until 
1863,  when  he  resigned  owing  to  the  removal  of 
President  Tappan,  whose  son-in-law  he  had  be- 
come. Two  years  later  he  became  Professor  of 
Astronomy  in  the  University  of  Dublin  and  As- 
tronomer Ro3'al  of  Ireland,  where  he  continued 
at  the  Dunsink  Observatory  his  astronomical 
work,  notably  his  investigations  of  stellar  paral- 
lax. On  account  of  failing  health  he  resigned 
in  1874,  and  retired,  first  to  Basel,  then  to  Vevey, 
and  finally  to  Heidelberg,  where  he  died  in  Au- 
gust, 1S91. 

In  1863,  James  Craig  Watson  was  elected  Pro- 
fessor of  Astronomy  and  Director  of  the  Obser- 
vatory. He  had  graduated  at  the  age  of  nine- 
teen, in  the  class  of  1857,  and  in  the  following 
year  had  become  Assistant  in  the  Observatory. 
A  year  later,  when  Dr.  Briinnow  went  to  Albany, 
he  was  made  Professor  of  Astronomy  and  placed 
in  charge  of  the  Observatorj',  without  being  giv- 
en the  title  of  Director.  On  Dr.  Briinnow's  re- 
turn Professor  Watson  was  transferred  to  the 
chair  of  Physics,  a  position  which  he  held  until 
Dr.  Briinnow  resigned.    Then,  upon  his  own  ap- 
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plicatic.n,  supported  by   the  rcC(3mmendations  of      '74        Thacdra. September     2,  1877 

,.      .     ^      ,,,-,•       T  •      w-u-         ('\  f       '75        AnclromaoI.e October     1,1877 

B.  A.  Croulil,  Ehas  Looniis,  \\  illiam  Chaiivcnct,      ^^^        Clylcmnestra November    11,  1877 

Joseph  Winlock,  Benjamin  Pierce,  J.  M.  Gillis,  j^,^,^^,^    ^^^^^    ^^.^^    discovered    by    Professor 

and  others,  he  was  made  the  successor  of  his  em-  ^^,^^^^^^_  ^^  p^^;^^^^  ^,^j^^_  ^^.,^j,^  .^^  ^1^^^^^  ^^  ^^ 

inent   teacher.     Professor   Watson   remamed   at  ^^^^-.-^^  ^,1,5,1,  ,,,j  ,,^„,  3,,,^  u,,,,  ^^  ^b3,rve 

the  head  of  the  Observato.7  until  1879,  when  he  ^j^^  ^^^^^^.^  ^^  ^,^^^^,^  ^^  jg„^_    ,^j^^  pj^^^^  ^^^^^^.^ 

resigned   to   become   the    Dn-ector   of   the   new  ,       v  ,       ,         1    ,.     xr      1          .•          :  u  \ 

&                                       ,           ^.  .        .         .  (132)  has  been  lost.    No  observations  of  it  have 

Washburn    Observatory    of    the   University    of  ,            w  •      1     ■         .1                •.•         <.      1  •  i     * 

.         ,         ,        .    ,  .      ,      ^  ,,      .  been  obtained  since  the  opposition  at  wduch  it 

Wisconsin,  where  he  died  in  the  following  year  ,.              10             111 

.  '            .       ,              ,                        ^  -^  was  discovered,   1873,  and  such  observations  as 

after  an  illness  of  only  two  days.  1  ■   ■      1  ,1       1              .             }      ca  ■     ^  c^^ 

,       ,     ,               ,.              r,     r  were  obtained  then  have  not  proved  sufhcient  for 

Very  soon  after  he  became  director,  Professor  ^-  r    ^          ,  ^       ■     ,•         c  ^\       1          »       : 

■'                                        ...  a  satisfactory  determination  of  tlie  elements  01 

Watson   beean   the   preparation   of  a  series   of  .^       ,  -^ 

^    ,                 •           ,             ,         ,•     •           1  'ts  orbit, 

charts  of  the  stars  situated  near  the  ecliptic,  and  ^,          .           ,       »      ,•              1    i       d     r 

,    ,     '    .  The   minor   planets   discovered    by    Professor 

durinsr  his  administration  this  continued  the  prin-  ...  ^                .                         1         1      u     1  r^      vi 

.     ,  ^             .       ,        ,      r  1     ^,                     mi  Watson  are  in  a  sense  endowed.     He  left  with 

cipal  observational  work  of  the  Observatory.    Ihe  ^,      ,,  ^.       ,     .      ,            c    a  ■                            c 

^                                        ,,,.,,  the   National   Academy   of    Sciences   a   sum   01 

charts   which   he   prepared,   of   which   only   two  j-      ^i                 .•         r      .             •     1      ■ 

i^    t-        '                          J  money  for  the  promotion  of  astronomical  science, 

were  completed,  so  laborious  was  their  prepara-  ,                  ,  ,,         ■  i    ^i    ^          ■  •       1           1 

/          '      ,            ,        ,    ,          ,                ,  and  expressed  the  wish  that  provision  be  made 

tion  bv  the  methods  employed,  have  become  the  .                 .            ,       , ,-  1  •       ^  n        r  ^i 

.      '     •;                   r  fH  •  ^or  preparing  and  publishing  tables  of  the  mo- 

propertv  of  the  National  Academy  of  Sciences,  .           ^    .        ,       .        1  •  1    ,      ,     ,   ^        ,      t 

•^    t-     .            ■     ,      .  ,     ,      ,,r    ,  ,          ^,  tions  of  the  planets  which  he  had   found.     In 

and  are  deposited  with  the  Uashburn  Observa-  ,.             ..    ^.  .              ^  ^1     nt  i-       1    \      i 

^  compliance  with  this  request  the  National  Acad- 

^'                   .         ^  ,          ,                               ,  emy  of  Sciences  has  arranged  for  the  perform- 

Hie  preparation  of  these  charts  was  apparently  ,  ^,  .          ,          ,                 ...          ,,    . 

'^    '         ,                         ...               ,,  ance  of  this  work,  and  as  a  partial  result,  in  1910, 

undertaken  with  the  expectation  that  they  would  .  ,•  1    j  .  1 1        r  ,.1           ,.•          r  ^      1        £  ^u 

.     , ,.  .       ,      .       ■'  ,  published  tables  of  the  motions  of  twelve  of  these 

aid  in  the  discovery  of  additional  minor  planets,  ,       ^                   .        i      i.i       r      *^-         c  o     r 

,    ,  .               ,       ■'       ,                  „     .           ,,^  planets,  prepared  under  the  direction  of  Profes- 

and  this  proved  to  be  the  case.     Professor  Wat-  \       ■     r\    t         1             c  n      n  ■        -^       c 

^                                  ,,,,.,.,  sor  Armin  O.  L,euschner,  of  the   University  of 

son  discovered  twenty-two  of  these  bodies  while  ^  ,-r 

^.               ,    ,      ^,                         ,        A  California, 

he  was  Director  of  the  Observatorv  at  Ann  Ar-  r,     r           -mr  ^               *.                    i       <. 

/    \             r        1  Professor  Watson  went  on  several  astronomi- 

bor.     The  first  one,  Eur\nome  (79),  was  found         ,  ,..-  „,  ,,  ,•   ^        ,•,•  „,  . 

'         ■'                 -^     ,       ^  cal  expeditions,  notably  on  eclipse  expeditions  to 

on  September  14,  iSo"?,  onlv  three  w-eeks  after  he  ^          ■       o/-      i.     c-  -i     •       o-      *     wr 

'                 ^         "^        '        .           ^  Iowa  in  1869,  to  Sicily  in  1870,  to  Wyoming  in 

had  been  elected   to   this  position.     Four  years  „  „         ,         .1      ,         -^     z  \7                   iv       * 

^                ,      w,        r  1878,  and  on  the  transit  of  Venus  expedition  to 

passed  before  a  second  was  detected.     Then  for  _,  .       .       „          ,,,,  .,        ^       .        ,          _,  . 

.         ,                  .           .,               .        .       „^-    .  China  m  1874.     While  returning  from  China  he 

a  time  they  came  in  rapid  succession;  in  1868  six  .  .     ,  ^    ,.     ^                ,  _                ^          ,         , 

,  ,    ,         ,     ,.         ...             ,  visited  India,  Egvpt,  and  Europe.    Several  weeks 

were  added  to  the  list,  which  was  then  an  unpre-  .     «'             ,                 ,      ■     ■      •         r 

,     ,    ,   r    ^      ^,               I  .     1-  i  •          r  11  were  spent  in  Egypt,  where,  at  the  invitation  of 

cedented  feat.      I  he  complete  list  is  as  follows:  ,     ^^,     ,.       ,          .             ,      .  ,     ,            .              , 

the  Khedive,  he  cooperated  with  the  engineers  of 

Minor  Planets  Discotcred  by  Professor  Watson.  the  Egyptian   army  in  the  first  steps  toward   a 

NO.          NAME.                                   DATE  OF  DiscovERV.  geodctic  survcv  of  that  country. 

^^       M;n^rr!;::::::;:;;-.;V.;;;''!'AuS   ^t  'M  The  ecllpse  ^f  1878  riveted  Professor  Watson's 

94       Aurora September    6,1867  attention    to    the    Intra- JMercurial   problem.      He 

100        Hecate July    II,  1868  ...         ,    •      .1            ■  .               z              ■           1        i.  1. 

loi       Helena August   is!  1868  believed  in  the  existence  of  a  major  planet  be- 

103  Hera September     7,  1868  tween  Mercury  and  the  sun;  had  corresponded 

104  Clymene September    13,1868  .                      .             ,     n  •       1   r           i-       i- 

105  Artemis September   16,  1868  with  Le\  errier  and  obtained  from  him  his  pre- 

106  Dione    October   10,  1868  dieted  times  of  transit  of  such  a  body;  and  at 

115        Thyra August      6,1871  .          ,.    ,        ,     ,      1        ^  t    ^  <.i              ■     ^u    u           c 

119       Althaea April     3,  1S72  Ann  Arbor  he  had  watched  the  sun  in  the  hope  of 

121       Hermione ...May  12,  1872  detecting  such  a  transit.     It  is  a  matter  of  as- 

128        Nemesis Xovember    25,  1872  .     ,  ,.              ,        ,                       ,     ,        1      ,      , 

132  Aethra June   13,  1873  tronomical  history  that  he  supposed  that  he  had 

133  Cyrene ^"^''    ^°'  ^V^  recorded  the  place  of  one  and  possibly  of  two 

1.39        Juewa October    10,  1874  ^                                     f           j 

150       Nuvva October    18,  1875  major  planets  at  the  time  of  the  eclipse  of  1878. 

\%    ^ia:::::::::::::::;::::::sepi;m^?  S  Jl'e  r^uHng  the  remainder  of  ws  Hfe  he  devoted  much 
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time  to  preparations  which  he  hoped  would  en- 
able these  supposed  planets  to  be  seen  without 
an  eclipse.  He  died  suddenly  while  these  prepa- 
rations were  still  incomplete.  JMore  than  thirty 
years  have  now  passed.  The  planets  have  not 
been  recovered,  notwithstanding  the  extensive 
search  made  for  them  by  photographic  methods 
during  several  recent  eclipses.  Negative  results 
only  have  been  secured,  but  these  have  been  of 
such  weight  that  many  astronomers  have  come 
to  entertain  grave  doubts  as  to  the  existence  of 
a  large  planet  within  the  orbit  of  ilercury. 

Professor  Watson  published  several  books,  but 
his  fame  as  an  author  depends  chiefly  upon  his 
treatise  on  Theoretical  Astronomy,  which  was 
prepared  during  the  earlier  years  of  his  director- 
ship, while  he  was  devoting  much  time  to  the  ob- 
ser\-ation  of  the  minor  planets  and  the  determina- 
tion of  their  orbits.  He  was  endowed  in  an  un- 
usual degree  with  the  mathematical  faculty,  .-.nd 
seemed  to  play  with  problems  which  taxed  t!ie 
energies  of  otliers.  He  was  a  computer  of  re- 
markable skill  and  rapidity,  as  is  attested  by  his 
making  a  complete  determination  of  the  elliptic 
elements  of  a  planet's  orbit  at  a  single  sitting. 
Early  in  the  '6o's  he  became  interested  in  the  re- 
duction of  the  Washington  Zones,  which  had 
been  undertaken  by  Dr.  Gould,  and  for  several 
years  he  devoted  much  time  to  the  computations 
of  this  work.  In  1869  he  became  associated  with 
Professor  Benjamin  Pierce,  of  Harvard  Univer- 
sitj',  in  work  designed  to  improve  the  lunar  ta- 
bles. For  five  years  he  was  engaged  in  the  com- 
parison of  the  theories  of  Hansen  and  Pierce 
with  obser\^ation,  and  in  endeavors  to  simplify 
Hansen's  tables,  with  results  which,  though  satis- 
factory to  himself,  were  never  publishen  and  are 
now  lost. 

When  Professor  Watson  resigned  in  1879,  to 
become  the  Director  of  the  Washburn  Observa- 
tory at  Madison,  Professor  Mark  W.  Harring- 
ton was  selected  to  fill  the  position  which  his 
withdrawal  made  vacant  at  Ann  Aibor.  Profes- 
sor Harrington  had  graduated  with  the  class  of 
1868,  had  been  an  Astronomical  Aid  in  the  recon- 
naissance work  of  the  United  States  Coast  Sur- 
vey in  Alaska,  had  filled  for  a  time  the  Profes- 
sorship of  Astronomy  and  Mathematics  in  the 
Cadet  School  of  the  Foreign  Office  at  Peking, 


China,  and  had  taught  various  subjects  in  the 
University  of  Michigan. 

On  taking  charge  of  the  Obser\'atory,  Profes- 
sor Harrington  arranged  for  increased  facilities 
for  instruction  in  Practical  Astronomy  and  for 
regular  meteorological  obser\'ations.  The  build- 
ing for  the  Students'  Observatory  had  been  com- 
pleted in  1879,  ^""i  in  the  following  year  the 
instrumental  equipment  was  obtained.  The 
chief  of  these  instruments  were  a  six-inch  re- 
fracting telescope,  equatorially  mounted,  costing 
$1,800,  and  a  three-inch  transit  instrument,  cost- 
ing $1,000. 

Professor  J.  'M.  Schaeberle  was  at  that  time  an 
Assistant  in  the  Observatory,  and  he  began  to 
use  the  Meridian  Circle  in  a  new  determination 
of  the  positions  of  the  Struve  double  stars.  He 
also  undertook  other  observational  work,  and  in 
the  earlier  part  of  this  administration  discovered 
two  comets,  the  first  in  1880  and  the  second  in  the 
following  year.  In  1888,  Professor  Schaeberle 
went  to  California  as  an  Astronomer  in  the  Lick 
Obsen^ator}-,  and  his  place  as  Instructor  in  As- 
tronomy was  filled  by  the  appointment  of  Pro- 
fessor W.  W.  Campbell,  who  had  graduated 
from  the  University-  two  years  earlier,  and  who 
followed  Professor  Schaeberle  to  the  Lick  Ob- 
ser\'ator\'^  three  j'ears  later.  While  an  Instructor 
in  the  University  of  Michigan,  Professor  Camp- 
bell devoted  much  time  to  the  observation  of 
comets  and  to  the  determination  of  their  orbits. 
It  was  during  this  period  that  his  Elements  of 
Practical  Astronomy  was  prepared  and  first 
printed. 

Professor  Harrington's  tastes  had  been 
strongly  with  the  botanical  and  biological 
sciences,  but  on  taking  charge  of  the  Observatory, 
he  was  diverted  to  other  studies,  and  during  his 
directorship  he  devoted  much  time  to  the  con- 
sideration of  meteorological  questions.  In  1884, 
he  founded  The  American  Meteorological 
Journal,  then  the  only  meteorological  periodical 
published  in  the  L^^nited  States.  In  the  beginn- 
ing he  was  its  sole  editor,  but  later  several  meteor- 
ologists were  associated  with  him  in  its  editorial 
management,  notably  Professor  A.  Lawrence 
Rotch,  the  founder  of  the  Blue  Hill  Meteorologi- 
cal Observ'atorv. 
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The  meteorological  work  of  the  United  States 
Government  was  reorganized  in  1891,  by  trans- 
ferring it  from  the  Department  of  War  to  the 
Department  of  Agriculture,  and  by  placing  it 
under  a  civilian  director.  Professor  Harrington 
was  called  to  Washington  to  reorganize  this  im- 
portant branch  of  the  public  service.  He  as- 
sumed his  duties,  as  first  Chief  of  the  Weather 
Bureau,  on  July  i,  1891,  but  his  resignation  as 
Director  of  the  Obser\'atory  was  not  accepted 
until  some  months  later.  In  the  meantime  the 
Obser\-atory  was  left  in  the  charge  of  Mr. 
William  J.  Hussey,  then  Instructor  of  Astronomy, 
who  resigned  in  1892,  in  order  to  accept  a  posi- 
tion in  the  new  Leland  Stanford  Junior  Univer- 
sity. 

Professor  Asaph  Hall,  Jr.,  was  selected  as 
Professor  Harrington's  successor,  and  filled  the 
office  of  Director  from  1892  to  1905.  During 
this  time  he  was  for  the  most  part  engaged  in 
work  with  the  Meridian  Circle,  making  obserAa- 
tions  of  Polaris  for  the  determination  of  the  value 
of  tlie  aberration  constant.  The  results  of  these 
investigations  have  been  printed  in  the  Astronom- 
ical Journal  and  in  the  Fourth  Report  of  the 
Michigan  Academy  of  Science. 

Professor  Hall  was  graduated  from  Harvard 
University-  in  1882,  and  received  the  degree  of 
Doctor  of  Philosophy  from  Yale  University  in 
1889.  From  1889  to  1892  he  was  Assistant  As- 
tronomer in  the  United  States  Naval  Observa- 
tory, the  institution  to  which  he  returned  when 
he  left  Ann  Arbor. 

In  1905,  Professor  \\'.  J.  Hussey,  who  for 
nine  and  a  half  years  had  been  an  Astronomer  in 
the  Lick  Obser\aton,-,  was  elected  Director  of 
the  Observ'ator)'  at  Ann  Arbor,  and  ente'red  upon 
his  duties  in  October  of  that  year.  Since  then 
the  Observators-  has  had  the  continuous  support 
of  the  President  and  Board  of  Regents  and  many 
improvements  have  been  made.  In  the  winter 
of  1905-6,  the  Observatory  Librarj^  and  the 
Residence  of  the  Director  were  reconstructed  and 
enlarged ;  in  1906,  the  Observatory  Shop  was  es- 
tablished and  repairs  to  the  instruments  begun, 
notably  the  reconstruction  of  the  six-inch  and 
twelve-inch  refractors ;  in  1907,  the  construction 
of  the  large  reflecting  telescope  was  undertaken : 
in  1908,  the  Students'  Observatory-  was  moved 


to  a  new  location  and  a  new  building  added  to 
the  original  Observator>',  having  a  dome  for  the 
large  reflecting  telescope,  clock  and  class  rooms, 
laboratory,  photographic  dark  rooms,  offices,  etc. ; 
in  1909,  seismographs  of  modern  type  were  in- 
stalled in  the  new  building;  and  in  191 1,  the  large 
reflecting  telescope  was  completed  and  spectro- 
scopic work  with  it  begun.  Moreover,  in  1910, 
the  Observatory  Grounds  were  extended  toward 
the  east,  by  the  addition  of  twentj'-six  acres  of 
land,  the  gift  of  Mr.  R.  P.  Lamont,  of  Chicago, 
who  graduated  as  Civil  Engineer  with  the  class 
of  1891.  Also,  in  1910,  the  construction  of  the 
twenty-four-inch  Lamont  Refractor  was  begun, 
an  instrument  which  is  intended  for  use  in  the 
Southern  Hemisphere,  for  work  on  double  stars 
and  for  other  obser\-ations. 

In  191 1  an  arrangement  was  made  with  the 
Universidad  Xacional  de  La  Plata  by  which  Pro- 
fessor Hussey  became  the  Director  of  La  Plata 
Obser\-ator}-,  while  still  retaining  the  directorship 
of  the  Obsenatorj-  of  the  University  of  Mich- 
igan, his  time  being  divided  between  the  two 
institutions.  At  this  time  Professor  Ralph  H. 
Curtiss  was  made  Assistant  Director  of  the  Ob- 
ser\-atorj'  at  Ann  Arbor,  in  full  charge  during 
the  absence  of  Professor  Hussey.  Dr.  Curtiss 
received  the  degree  of  Doctor  of  Philosophy 
from  the  University  of  California  in  1905.  He 
was  a  Fellow  at  the  Lick  Ob5er\-ator}-  from  1901 
to  1905  and  Astronomer  in  the  Allegheny  Ob- 
servatory from  1905  to  1907,  when  he  came  to 
the  University  of  Michigan. 

The  University  of  Michigan  was  one  of  the 
first  in  the  United  States  to  give  advanced  in- 
struction in  Theoretical  and  Practical  Astron- 
omy, and  the  officers  of  the  Observator)-  have  al- 
ways regarded  this  work  as  an  important  part  of 
their  duties.  As  a  result  of  this  consistent  pol- 
icy, extending  over  more  than  half  a  century, 
many  important  astronomical  positions  have  been 
filled  by  those  who  have  studied  here,  and  the 
work  done  by  these  men  and  by  the  students 
whom  they  have  trained  in  other  institutions,  has 
had  a  wide  influence  on  the  development  of  As- 
tronomy in  this  country. 

The  following  .\merican  Astronomers  have 
been    students    in    the   University    of    Michigan. 
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James  C.  Watson,  A.B.  1857.  Director  of  the  Observ- 
atory at  Ann  Arbor  from  1863  to  1879.  Discoverer 
of  twenty-two  minor  planets. 

Asaph  Hall,  Sr.,  1856-57.  For  many  years  Astronomer 
in  the  United  States  Naval  Observatory.  Discov- 
erer of  the  Satellites  of  Mars. 

Cleveland  Abbe,  Graduate  student  in  Astronomy,  1858- 
59.  Director  of  the  Cincinnati  Observatory,  1868- 
7.3.  Founder  of  the  United  States  Signal  Service. 
Meteorologist  in  the  Signal  Service  and  Weather 
Bureau  since   1871. 

William  W.  Payne,  1863-64.  Director  of  the  Goodsell 
Observator)-  of  Carleton  College,  1871-1908.  Di- 
rector of  the  Elgin  Observatory  since  1908.  Found- 
er of  The  Sidereal  Messenger  and  of  Popular  As- 
stronomy. 

Mark  W.  Harrington,  A.B.  1868.  Director  of  the  Ob- 
servatory at  Ann  Arbor,  1879-92.  Chief  of  the 
United  States  Weather  Bureau,  1891-96. 

W.  F.  M.  Ritter,  A.B.  1871.  Sometime  Assistant  in  the 
United  States  Naval  Observatory  and  Nautical  Al- 
manac Office. 

R.  S.  Woodward,  C.  E.  1872.  Astronomer  on  U.  S. 
Transit  of  Venus  Commission,  1882—84.  Astron- 
omer, U.  S.  Geological  Survey,  1884-90.  President 
of  the  Carnegie  Institution  at  Washington  since 
1903. 

M.  B.  Snyder,  A.  B.  1872.  Director  of  the  Philadel- 
phia Observatory. 

Otto  J.  Klotz,  C.  E.  1872.  Astronomer  in  the  Domin- 
ion Observatory,  Ottawa,   Canada. 

C.  L.  Doolittle,  C.  E.  1874.  Director  of  the  Sayre  Ob- 
servatory of  Lehigh  University,  1873-95.  Director 
of  the  Flower  Observatory  of  the  University  of 
Pennsylvania  since  1893. 

J.  M.  Schaeberle,  C.  E.  1876.  Assistant,  Instructor,  and 
Acting  Professor  in  the  Observatory  at  Ann  Arbor, 
1878-88.  Astronomer  in  the  Lick  Observatory, 
1888-98;  Acting  Director  of  the  Lick  Observatory, 
1897-98. 

George  C.  Comstock,  Ph.B.  1877.  Professor  of  As- 
tronomy in  the  Ohio  State  University,  1885-87.  Di- 
rector of  the  Washburn  Observatory  of  the  Uni- 
versity of  Wisconsin,  since  1887. 

Mary  E.  Byrd,  A.B.  1878.  Director  of  Smith  College 
Observatory,   1887-1906. 

Edward  Israel,  A.B.  1881.  Astronomer  on  the  Greely 
Polar  E.xpedition. 

W.  W.  Campbell,  B.S.  (C.E.)  1886.  Instructor  in  As- 
stronomy  in  the  University  of  Michigan,  1888-91. 
Astronomer  in  the  Lick  Observatory  since  1891 ; 
Director  of  the  Lick  Observatory  since  1901. 

A.  O.  Leuschner,  A.B.  1888.  Director  of  the  Students' 
Observatory  of  the  University  of  California  since 
1898. 

W.  J.  Hussey,  B.S.  (C.E.)  1889.  Astronomer  in  the 
Lick  Observatory,  1896-1903.  Director  of  the  Ob- 
servatory at  Ann  Arbor  since  1905.  Director  of 
La  Plata  Observatory,  Argentina,  since  1911. 


.\.  L.  Colton,  Ph.B.  1889.  Assistant  Astronomer  in  the 
Lick  Observatory,  1892-97. 

H.  L.  Rice,  1889-91.  Assistant  Nautical  Almanac  Office, 
1892- 1902.  Astronomer  in  the  Naval  Observatory, 
1902-07.  Professor  of  Mathematics  in  the  U.  S. 
Navy  since  1907. 

J.  Robertson,  B.S.  1891.  Assistant  in  the  United  States 
Nautical  Almanac  Office  since  1892. 

H.  D.  Curtis,  A.B.  1892.  Astronomer  in  the  Lick  Ob- 
servatory. 

J.  C.  Hammond,  B.S.  (M.E.)  1894.  Assistant  Astrono- 
mer in  the  United  States  Naval  Observatory. 

W.  M.  Hamilton,  A.M.  1896.  Assistant  Nautical  Al- 
manac Office. 

S.  D.  Townley,  Ph.D.  1897.  Sometime  International 
Latitude  Observer  at  Ukiah.  Assistant  Professor 
of  Astronomy  in  Leland  Stanford  Junior  Univer- 
sity. 

O.  M.  Leland,  B.S.  (C.E.)  1900.  Professor  of  Astron- 
omy in  Cornell  University.  Astronomer  on  demar- 
cation of  Alaskan  boundary. 

Harriet  Bigelow,  Ph.D.  1904.  Director  Smith  College 
Observator.v. 

Frank  D.  Urie,  A.B.  igio.  Astronomer  in  Elgin  Ob- 
servatory. 

LOCATION. 

The  Observatory  grounds  originally  included 
one  city  block,  about  four  acres,  situated  in  a 
northeasterly  direction  from  the  University,  at  a 
distance  of  one-half  mile  from  the  center  of  the 
Campus.  By  the  gift  of  Mr.  Robert  P.  Lamont, 
of  Chicago,  in  1910,  these  grounds  were  enlarged 
by  an  addition  of  twenty-six  acres,  lying  east  of 
the  original  grounds  and  connecting  them  with 
a  large  City  Park  and  with  the  University  Bo- 
tanical Gardens. 

The  Observatory  grounds  are  at  the  north- 
eastern limit  of  the  city  of  Ann  Arbor.  The  Hu- 
ron River  is  in  this  direction,  at  a  distance  of 
about  one-half  of  a  mile  from  the  Observatory. 
It  runs  in  a  southeasterly  direction,  at  the  bottom 
of  a  narrow  valley,  along  whose  sides  rise  rolling 
hills,  to  an  elevation  of  from  one  to  two  hundred 
feet,  formed  by  glacial  action  at  the  time  the  last 
ice  sheet  covered  this  region.  The  Forest  Hil! 
Cemetery  occupies  many  acres,  a  short  distance 
southeast  of  the  Observatory,  between  it  and  the 
southerly  extension  of  the  city.  It  has  many  large 
forest  trees,  which  shelter  the  Observatory  from 
the  lights  in  this  direction.  The  Women's 
Athletic  Field,  with  its  well-wooded  ten  acres, 
joins  the  original  Observatory  grounds  on  the 
south. 
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liy  reason  of  the  ncnrness  of  the  Kiver,  anil 
the  eharacter  of  the  topograpliy  to  the  norlli  and 
cast,  and  the  situations  of  the  City  Park,  the  l!o- 
tanical  Gardens,  the  Forest  Hill  Cemetery,  and 
the  Athletic  Field,  the  Observatory  is  unusually 
well  protected  toward  the  north,  east  and  south, 
the  directions  in  which  most  of  its  observational 
work  is  done.  Moreover,  it  is  near  the  Univer- 
sity and  readily  accessible  to  students,  so  near 
that  they  are  able  easily  to  take  advantage  of  the 
facilities  afforded  for  training  in  Practical  As- 
tronomy. 

The  latitude  and  longitude  of  the  Observatory, 
referred  to  the  center  of  the  Meridian  Circle,  are 
given  in  the  .Imericcin  Bphcmcris  (Mid  Xantical 
Almanac,  and  in  other  similar  publications,  as 
follows : 

Longitude  =       5''.U'"55'-I9  West  of  Greenwich. 
Latitude    =  +  42°  i6'  4S".o. 

.'\  telegraphic  longitude  connection  was  made 
in  1861  with  the  Litchfield  Observatory  of  Ham- 
ilton College  which  had  been  similarly  connected 
with  Harvard  Observatory  in  1859.  The  result- 
ing longitude  difference,  Ann  Arbor-Harvard, 
proved  to  be  +  50m  24.21s  ±  0.05s.  This  differ- 
ence in  combination  with  the  longitude  of  the 
Harvard  Observatory  (4h  44m  30.98s  ±  0.04s) 
as  determined  through  the  cable  observations  of 
1866,  1870  and  i§72,  probably  yielded  the  above 
value  for  the  longitude  of  the  Detroit  Observa- 
tory. A  second  longitude  connection  with  the 
Harvard  Observatory  was  made  in  1869.  And 
on  two  occasions  connections  were  established 
with  the  U.  S.  Lake  Survey  Station  in  Detroit. 

The  above  value  of  the  latitude  has  apparently 
come  from  an  approximate  value  published  by 
Dr.  Briinnow,  shortly  after  the  establishment  of 
the  Observatory.  Later  investigations  have  giv- 
en somewhat  larger  values.  Thus,  from  obser- 
vations which  he  made  in  1886-87,  with  the 
Three-Inch  Transit  Instrument,  as  stated  in  con- 
nection with  the  description  of  that  instrument. 
Dr.  Ludovic  Estes  obtained  -]-  42°  16'  48".66,  as 
the  latitude  of  the  Meridian  Circle.  From  his 
observations  of  Polaris,  with  the  Meridian  Circle, 
Professor  Hall  stated,  in  1902,  that  the  latitude 
could  be  taken  provisionally  at  -\-  42°  16'  48".8. 
From  direct  and  reflected  observations  of  twenty- 
six  circumpolar  stars,  made  with  the  Meridian 


Circle,  in  the  years  1901,  1902,  and  1903,  Miss 
Harriet  W.  Bigelow  obtained  -|- 42"  i6'48".76. 
.\I1  of  her  values  were  in  good  agreement ;  the 
smallest  was  48".42,  and  the  largest  49".35. 

BUILDINGS. 

The  original  Observatory  building  was  com- 
pleted in  the  summer  of  1854.  It  then  consisted 
of  a  central  square  portion,  thirty-three  feet  on 
a  side,  surmounted  by  the  dome  for  the  twelve- 
inch  telescope ;  and  two  wings,  each  nineteen  by 
twenty-nine  feet,  the  one  on  the  east  side  having 
a  room  for  the  meridian  circle,  and  that  on  the 
west  side  a  room  for  the  office  of  the  Director 
and  the  Observatory  Library.  A  residence  for 
the  Director  was  added,  at  the  west  side  of  this 
building,  in  1868,  and  considerably  enlarged  and 
improved  in  1905-6.  It  connects  with  the  Ob- 
servatory, through  the  Library. 

During  Professor  Watson's  administration,  the 
Students'  Observatory  was  erected  near  the  main 
building,  where  it  remained  until  1908,  when,  to 
clear  the  site  for  the  dome  of  the  large  reflecting 
telescope,  it  was  removed  to  a  new  situation, 
about  three  hundred  feet  west  of  the  principal 
building.  Professor  Watson  also  obtained  an- 
other small  building,  to  provide  quarters  for  the 
meteorological  assistants  and  a  "computing  room" 
for  the  students  in  Practical  Astronomy.  In  1906, 
the  Observatory  Shop  was  established  in  the 
basement  of  this  building,  which  is  entirely  above 
ground,  and,  in  1908,  when  additional  shop  space 
became  imperative  in  the  course  of  the  construc- 
tion of  the  large  reflecting  telescope,  this  base- 
ment was  extended  toward  the  west,  for  the  ac- 
commodation of  the  work  then  in  hand. 

In  anticipation  of  the  transit  of  Mercury  in 
1878,  a  small  building  was  erected  to  serve  for  the 
photographic  operations  at  that  time  in  accord- 
ance with  the  program  adopted  by  the  American 
observers.  This  building  was  placed  in  the  meri- 
dian of  the  three-inch  transit  instrument,  about 
sixty  feet  south  of  it,  with  a  pier  just  outside  the 
transit  room  for  the  heliostat  and  camera  lens, 
and  one  just  within  the  photographic  house  for 
the  reticle  plate  and  photographic  plate  holder. 
The  heliostat  and  optical  parts  which  had  been 
provided  for  this  work  were  not  a  part  of  the 
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eciuipment  of  the  Observaton,-.  They  were 
loaned  by  the  Federal  Government. 

This  building  was  used  again,  in  1882,  in  a  sim- 
ilar manner,  at  the  last  transit  of  Venus.  On  ac- 
count of  clouds,  these  observations  were  onl}^ 
partially  successful. 

In  1910,  this  building  was  removed  to  the  vi- 
cinity of  the  Shop  and  is  now  used  as  an  adjunct 
to  the  Shop  for  storage  purposes. 

What  is  now  the  principal  building  of  the  Ob- 
servator}-  was  begun  in  1908  and  completed  in 
the  following  year,  with  the  exception  of  such 
parts  of  the  dome  as  could  not  be  finished  until 
the  large  reflecting  telescope  was  installed.  It 
joins  the  meridian  circle  room  on  the  east  in  the 
same  manner  that  the  residence  joins  the  Library 
on  the  west,  and  has  a  frontage  of  forty-four  feet 
on  the  north,  and  a  length  of  one-hundred  and 
twelve  feet  from  north  to  south.  It  terminates 
at  the  south  end  in  a  circular  wall,  forty-three 
feet  high,  which  supports  the  forty-foot  dome 
of  the  large  reflecting  telescope.  The  building  has 
two  stories,  and  a  basement  which  is  practically 
above  the  level  of  the  ground.  On  the  main  floor 
are  the  offices  of  the  Director  and  Secretary,  a 
class  room,  clock  room,  vault,  and  entrance  and 
main  halls.  On  the  second  floor  are  three  oflSces 
and  two  dark  rooms.  The  basement  contains 
rooms  for  laboratory,  office,  seismographs,  bat- 
teries, coal  and  furnace.  The  building  is  well 
provided  with  closets  for  the  storage  of  supplies 
and  for  other  purposes. 

The  clock  room  has  brick  walls  on  all  sides, 
and  is  completely  enclosed  within  the  building. 
It  has  a  window  opening  into  the  main  hall, 
closed  by  two  thicknesses  of  plate  glass,  with  an 
air  space  between,  set  in  a  single  sash.  The 
clock  piers  have  concrete  foundations,  bedded 
in  hard  clay,  at  a  distance  of  about  ten  feet  be- 
low the  original  surface  of  the  ground.  One  of 
the  piers  is  of  brick,  set  in  cement;  the  other  is 
of  brick  to  the  level  of  the  clock  room  floor  and 
from  that  level  a  monolith  of  limestone. 

One  of  the  clocks  is  visible  from  the  hall,  and 
electrical  connections  are  made  at  the  switch- 
board near  the  window.  The  battery  room  is 
directly  below  the  switch-board,  and  a  conduit 
runs  from  the  switch-board  to  the  attic,  so  ar- 
ranged that  the  wiring  is  readily  accessible. 


THE  TWEU'E-IXCH  TELESCOPE. 

The  Tivelvc-hich  Telescope.  This  telescope 
was  originally  constructed  by  Henry  Fitz,  of 
New  York,  and  erected  in  its  present  position  in 
December,  1857.  It  has  a  clear  aperture  of  twelve 
and  one-fourth  inches  and  a  focal  length  of  two 
hundred  inches.  At  the  time  of  its  completion  it 
was  one  of  the  large  telescopes  of  the  world ;  the 
only  larger  refractors  then  in  existence  were  the 
fifteen-inch  telescopes  of  the  Pulkowa  and  Har- 
vard Observatories. 

The  region  about  Ann  Arbor  is  covered  with 
glacial  drift,  consisting  of  a  mixture  of  clays, 
sand,  and  gravel,  many  feet  in  thickness.  At  the 
Observatory  the  superficial  layers  are  hard  clay, 
with  occasional  streaks  of  fine  sand,  and  the  sub- 
piers  of  the  instruments  are  set  in  these  clays. 
The  sub-pier  for  the  twelve-inch  telescope  is  a 
frustum  of  a  circular  cone,  built  of  brick,  having 
its  base  about  ten  feet  below  the  original  surface 
of  the  ground,  and  rising  to  the  level  of  the  dome 
floor,  where  it  is  capped  with  a  large  stone  which 
receives  the  vertical  monolith,  that  forms  the  pier 
of  this  instrument.  The  center  of  motion  of  the 
telescope  is  thirty-three  feet  above  the  level  of 
the  ground  immediately  outside  the  building,  and 
in  all  directions  from  the  building  the  ground 
falls  away  rapidly  to  lower  levels,  giving  an  ef- 
fective elevation  greater  than  would  be  obtained 
from  the  buildings  alone. 

The  Original  Mounting.  The  original  mount- 
ing was  similar  to  those  of  most  of  the  large  re- 
fractors of  its  period.  Its  pier  is  a  limestone 
monolith,  having  its  upper  surface  cut  to  the  in- 
clination of  the  latitude  of  the  place,  and  carry- 
ing at  its  top  an  iron  base  for  supporting  the 
bearings  of  the  polar  axis.  This  base  also  carries 
the  devices  for  adjustment  in  altitude  and  azi- 
muth. 

The  original  tube  was  made  of  pine,  with  a 
veneer  of  polished  mahogany,  and  was  supported 
at  its  center  in  a  cast-iron  cradle,  fitted  to  the 
upper  end  of  the  declination  axis.  Attached  to 
this  cradle  and  to  the  upper  end  of  the  tube  were 
long  wooden  rods,  which,  extending  to  the  eye 
end,  were  intended  for  moving  the  telescope  and 
for  carrying  the  counter-weights.  Owing  to  the 
flexibiltv  of  these  rods  thev  had  the  disadvantage 
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of  setting  the  telescope  in  vibration  when  it  was 
moved  from  one  position  to  another. 

The  movement  of  the  driving  cloci<  was  con- 
trolled by  a  short  oscillating  pendulum,  whose 
effective  length  could  be  altered  to  give  different 
rates.  The  mechanism,  however,  was  too  light 
for  the  work  it  had  to  do,  and  in  consequence 
the  clock  proved  inefficient  and  was  seldom  used. 

The  worm  wheel  and  the  graduated  circle  in 
right  ascensicui  were  attached  to  the  lower  part 
of  the  polar  axis,  and  the  operations  of  clamping 
and  unclamping  in  right  ascension  were  effected 
by  throwing  the  worm  in  and  out  of  gear.  The 
slow  motion  in  right  ascension  operated  directly 
upon  the  worm  shaft,  by  means  of  a  telescoping 
rod,  which  could  be  carried  to  the  eye  end  of  the 
instrument. 

The  graduated  declination  circle  was  attached 
to  the  lower  end  of  the  declination  axis  and  the 
clamp  and  slow  motion  in  declination  were  con- 
nected with  this  circle.  Owing  to  these  arrange- 
ments it  was  necessary  to  leave  the  eye  end  of  the 
instrument  to  clamp  or  unclamp,  either  in  right 
ascension  or  in  declination,  and  the  slow  mo- 
tions by  means  of  rods  not  carried  upon  the  in- 
strument itself  were  inconvenient  and  inefficient. 

Tlie  Original  Micrometer.  The  original  mi- 
crometer is  of  the  Fraunhofer  pattern.  It  has  a 
graduated  circle,  about  four  and  one-half  inches 
in  diameter,  divided  to  quarter  degrees,  and  read 
by  means  of  verniers  to  single  minutes.  The 
scale  is  small  and  the  divisions  fine,  and  conse- 
quently it  is  not  easy  to  read  under  such  condi- 
tions of  illumination  as  exist  when  observations 
are  being  made. 

The  micrometer  threads  are  carried  on  frames 
moved  by  screws  at  either  end  of  the  box,  but 
only  one  of  these  has  a  graduated  head.  Hence, 
there  is  no  constant  position  for  coincidence  of 
wires,  which  is  not  only  inconvenient  but  also  a 
possible  source  of  error  in  making  and  reducing 
the  observations. 

No  obser\'ations  have  been  made  with  this  mi- 
crometer in  recent  years.  It  is  regarded  as  fit 
for  museum  purposes  only.  The  value  of  one 
revolution  of  the  screw,  as  derived  from  the  pitch 
of  the  screw  and  the  focal  length  of  the  telescope 
is  about  1 1  ".1 5. 

Alterations.     In  1907,  this  telescope  was  dis- 


mounted and  many  old  parts  discarded  and  new 
ones  made  to  take  their  places.  New  parts  were 
substituted  as  follows : 

Tube  of  sheet  steel ;  draw-tube  of  bronze,  with 
provision  for  carrying  eye-pieces  and  micrometer 
directly,  and  other  pieces  of  apparatus  when  these 
are  removed ;  driving  clock  of  the  usual  double 
conical  pendulum  type ;  worm  and  worm  wheel ; 
clamps  and  slow  motions  in  right  ascension  and 
declination,  so  arranged  that  they  may  be  ojx^r- 
ated  from  the  eye  end  of  the  telescope;  coarsely 
graduated  circles;  and  electric  illumination  for 
the  micrometer  and  graduated  circles. 

With  the  exception  of  the  micrometer,  the  new 
parts  were  all  made  in  the  Observatory  Shop,  by 
the  Observatory  Instrument  Makers,  Messrs.  E. 
J.  Madden,  E.  P.  Pegg,  and  H.  J.  Colliau. 

Filar  Micrometer.  In  1907,  a  new  micrometer 
for  this  telescope  was  received  from  The  Warner 
&  Swasey  Company,  of  Cleveland,  Ohio.  It  was 
beautifully  made,  but  on  examination  was  found 
to  need  a  number  of  alterations  to  give  it  in- 
creased efficiency. 

The  original  graduations  had  a  width  of  about 
0.002  of  an  inch  and  were  sharply  defined  when 
seen  under  a  microscope,  such  as  those  em- 
ployed in  reading  the  graduated  circles  of  a  meri- 
dian circle.  But  they  were  not  sufficiently  dis- 
tinct to  be  read  quickly  and  accurately  with  the 
naked  eye,  under  such  conditions  of  illumination 
as  ordinarily  obtain  in  the  use  of  an  equatorial 
telescope.  By  experiment  it  was  ascertained  that 
graduations  having  a  width  of  about  0.007  o^  ^" 
inch  would  be  much  better,  and  on  returning  the 
circle  to  the  makers  they  kindly  increased  the 
graduations  to  this  width. 

Several  alterations  in  the  micrometer  have 
been  made  in  the  Observatory  Shop,  by  Mr.  H.  J. 
Colliau.  To  secure  better  illumination  of  the 
wires  the  illuminating  apparatus  furnished  by  the 
makers  has  been  replaced  by  a  simpler  and  more 
efficient  construction.  Teeth  have  been  cut  in  the 
circumference  of  the  circle  and  spur  gears  fitted 
for  giving  the  micrometer  a  quick  motion  in  po- 
sition angle.  Such  motion  is  essential  to  satisfac- 
tory work  in  the  measurement  of  double  stars 
and  for  other  determinations  of  position  angle. 

Several  determinations  of  the  value  of  one  rev- 
olution of  the  screw  of  this  micrometer  have  been 
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made,  some  by  the  method  of  measuring  the  dif- 
ference of  the  decHnations  of  known  stars,  and 
others  by  the  method  of  transits  of  circiimpolar 
stars.  Tlie  results  have  all  been  in  good  agree- 
ment. From  transits  of  Polaris,  made  under  ex- 
cellent conditions,  on  October  17,  1910,  I  ob- 
tained the  following  value  of  one  revolution : 

R  =  2o".56s  ±  o".oooi. 

This  determination  depends  upon  transits  ob- 
sened  at  every  half  revolution  of  the  screw  from 
the  second  to  the  eighty-eighth  revolution  in- 
clusive. 

Dome  and  Shutter.  This  is  the  dome  origin- 
ally constructed  to  cover  this  instrument,  but 
modified  as  stated  below.  It  is  hemispherical, 
with  an  inside  diameter  of  twenty-one  feet,  and 
with  a  slit  thirty  inches  wide,  extending  from  the 
level  of  the  center  of  motion  of  the  telescope, 
which  is  eleven  feet  two  inches  above  the  floor,  to 
a  point  somewhat  beyond  the  zenith. 

The  dome  has  a  strong  wooden  frame,  support- 
ed on  a  cast-iron  base.  This  frame  is  covered  on 
the  outside,  first  with  wood  and  then  with  heavy 
tin  plate,  painted  white ;  and  on  the  inside  with 
a  thin  sheathing  of  painted  wood. 

The  original  shutter  for  covering  the  slit 
moved  between  grooves,  up,  over  the  dome,  and 
down  on  the  side  opposite  the  slit.  This  was  a 
highly  incommodious  arrangement  and  difficult 
of  operation. 

The  dome  was  originally  supported  on  cannon 
balls,  which  ran  in  grooves  provided  for  them  in 
the  castings,  below,  on  the  wall,  and  above,  at  the 
base  of  the  dome.  No  provision  was  made  for 
keeping  the  balls  at  uniform  distances  apart  and 
whenever  they  rolled  together  the  dome  could 
not  be  moved  until  the  balls  were  readjusted. 

The  original  observing  chair  was  carried 
around  with  the  dome  and  no  means  were  pro- 
vided for  varying  its  position,  forward  and  back, 
for  the  accommodation  of  the  observer. 

In  1890,  improvements  were  made  converting 
the  dome  into  one  of  modern  effectiveness  and 
convenience.  At  that  time  the  present  shutter 
and  mechanism  for  turning  the  dome  were  sup- 
plied by  The  Warner  &  Swasey  Company.  At 
the  same  time  a  new  observing  chair  of  the  Burn- 
ham-Hough  pattern  was  installed  in  place  of  the 


old  one.  This  chair,  in  turn,  was  superseded,  in 
1907,  by  a  similar  one  of  lighter  and  more  con- 
venient construction. 

The  present  shutter  opens  horizontally,  by  a 
single  pull  upon  the  handle  attached  to  the  open- 
ing cable ;  and  is  closed  by  a  single  pull  upon  the 
handle  attached  to  the  closing  cable. 

The  dome  is  now  mounted  on  a  live  ring  and 
is  easily  operated,  by  hand,  by  means  of  an  end- 
less rope  passing  over  a  sheave.  An  endless  steel 
cable  forms  a  belt  passing  around  a  circular  an- 
gle iron,  attached  to  the  inside  of  the  dome  near 
its  base,  and  over  a  series  of  sheaves  connected 
with  that  carrying  the  endless  rope. 

The  live-ring  consists  of  eleven  rollers,  of 
three  wheels  each,  with  their  supporting  blocks 
and  bearings,  guide  wheels  and  connecting  rods. 
These  wheels  are  about  seven  inches  in  diameter. 
The  two  outside  wheels  of  each  roller  run  upon 
the  planed  cast-iron  tracks  that  rest  upon  the 
wall ;  and  the  middle  w'heel  of  each  roller  receives 
the  weight  of  the  dome,  through  the  planed  track 
upon  the  lower  side  of  the  cast-iron  base-plate 
of  the  dome. 

THE  MERIDIAN  CIRCLE. 

The  Meridian  Circle  was  the  gift  of  Mr.  Hen- 
ry N.  Walker,  of  Detroit,  at  the  time  of  the  foun- 
dation of  the  Observatory.  It  was  constructed 
by  Pistor  &  Martins,  of  Berlin,  and  bears  the 
date,  1854.  It  is  mounted  in  the  east  wing  of  the 
original  building,  a  room  whose  length  in  the 
north  and  south  direction  is  26  feet  5  inches, 
width,  17  feet  8  inches,  and  height,  13  feet  4 
inches.  There  are  windows  at  the  north  and 
south  sides  of  the  room,  closed  by  sliding  shut- 
ters, so  arranged  that  they  may  be  used  in  con- 
nection with  the  slit  to  give  an  opening  from  the 
horizon  on  the  north  to  that  on  the  south.  The 
slit  is  thirty  inches  in  width. 

The  foundation  walls  of  the  building  are  of 
stone  and  the  walls  themselves  of  stuccoed  brick. 
The  piers  for  the  instrument  and  collimators  are 
of  brick  below  the  level  of  the  floor,  and  limestone 
monoliths  above  this  level.  The  Meridian  Circle 
is  mounted  between  the  faces  of  two  of  these 
monoliths,  and  the  counterweights  are  supported 
on  the  tops  of  them.  The  pier  below  the  level 
of  the  floor  is  connected  and  carries  at  its  center 
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tlie  siipijort  for  the  artificial  horizon,  used  for 
nadir  observations. 

The  objective  lias  a  clear  aperture  of  6.3  inches 
anil  a  focal  lcng:th  of  96.8  inches.  About  1902, 
it  was  investigated  in  the  Physical  Laboratory  by 
Professor  Harriet  W.  Eigelow,  now  of  Smith 
College  Observatory.  She  examined  the  struc- 
ture of  the  glass  by  means  of  Nicol  prisms  at 
conjugate  foci,  and  found  that  the  lens,  instead 
of  being  entirely  dark  for  perpendicular  position 
of  the  prisms,  shows  irregular  light  portions  ex- 
tending toward  the  center,  due  to  irregular  polar- 
ization in  the  glass.  She  says:  "Practically, 
however,  the  lens  gives  excellent  star  images  for 
meridian  work,  i.  e.,  small,  round  disks,  of  uni- 
form size  across  the  field  of  view." 

The  graduated  circles  are  thirty-seven  and  one- 
half  inches  in  diameter.  The  one  on  the  clamp 
side  is  divided  to  10'  and  the  other  one  to  2'. 
Each  of  the  circles  is  read  by  four  microscopes, 
magnifying  sixteen  diameters,  and  reading  to 
tenths  of  seconds  of  arc.  Each  microscope  is 
furnished  with  two  pairs  of  threads  separated  one 
and  a  half  revolutions,  so  that  readings  upon  con- 
secutive divisions  of  the  fine  circle  may  be  made 
by  an  additional  half  turn  of  the  micrometer, 
screw.  The  microscopes  are  carried  on  a  ring 
in  such  a  manner  that  the  distances  between 
them  may  be  altered.  The  minimum  distance 
apart  at  which  they  may  be  set  is  about  15°. 

About  1893  a  Repsold  transit  micrometer  was 
obtained  for  this  instrument.  In  addition  to  the 
movable  right  ascension  thread  and  the  two  usual 
horizontal  threads,  it  is  provided  with  twenty- 
five  transit  threads,  arranged  in  groups  of  five. 
There  is  no  movable  thread  in  declination.  Set- 
tings in  this  coordinate  are  made  by  means  of 
the  tangent  screw  of  the  instrument. 

In  the  account  of  his  determination  of  the  val- 
ue of  the  aberration  constant,  published  in  the 
Proceedings  of  the  Michigan  Academy  of  Sci- 
ences, for  1904,  Professor  Asaph  Hall,  Jr.,  states 
that  the  value  of  one  revolution  of  the  microme- 
ter screw  of  the  Meridian  Circle  is  approximately 
3'.640.  A  value  in  complete  agreement  with  this 
was  obtained  by  Mr.  George  A.  Lindsay,  from 
observations  of  transits  of  Polaris,  made  on  Sep- 
tember 7,  1906.  He  observed  138  transits  of  the 
star  over  the  movable  thread,  during  its  passage 


through  the  field  of  view,  and  from  these  obser- 
vations he  derived  the  following  value  of  one 
revolution : 

R  =  S4".6io  ±  o".oo7, 

R  =3'.o4l. 

The  temperature  at  the  time  of  Mr.  Lindsay's 
observations  was  82°  Fahrenheit. 

The  collimators  have  clear  apertures  of  two 
inches  and  focal  lengths  of  about  two  feet.  They 
are  mounted  on  piers  at  the  north  and  south  ends 
of  the  room,  in  the  usual  manner,  with  their  lines 
of  sight  on  the  level  of  the  axis  of  the  Meridian 
Circle. 

]3r.  Briinnow  states  that  when  the  Meridian 
Circle  arrived  at  Ann  Arbor,  the  circle  on  the 
side  of  the  clamp  was  slightly  bent,  and  that  it 
was  used  merely  for  setting  the  instrument,  and 
that  the  other  one  only  was  used  for  reading 
zenith  distances.  He  determined  the  periodic  and 
accidental  errors  of  the  latter  circle,  at  intervals 
of  five  degrees,  and  published  the  details  of  his 
investigation  in  the  Astronomical  Koiices.  These 
results  are  summarized  in  the  accompanying  ta- 
ble. The  measured  errors  for  every  fifth  degree 
are  given  in  the  column  headed  I.  These  include 
not  merely  the  accidental  division  errors,  but  al- 
so the  systematic  errors  arising  from  the  eccen- 
tricity of  the  circle  and  the  departure  of  the 
pivots  from  circular  form.  The  eccentricity  pro- 
duces terms  of  the  form 

a  -{-b  cos  X  -{-  c  sin  x. 
By  the  aid  of  the  values  given  in  column  I,  Dr. 
Briinnow  found  the  following  expression  for  the 
ei  ror  due  to  eccentricity  : 

-f  4".044  —  3".835  cos  x  -f  i".56i  sin  .r. 
If  the  errors  due  to  the  eccentricity  of  the  circle 
be  calculated  for  every  fifth  degree,  by  means  of 
this  formula,  and  subtracted  from  the  correspond- 
ing errors  given  in  column  I,  the  results  given 
in  column  II  will  be  obtained.  These  results  have 
two  regular  periods ;  one  depending  upon  the 
double  angle,  and  the  other  having  itself  a  period 
of  ten  degrees.  They  are  represented  by  the  fol- 
lowing expression : 

—  o".6o3  cos  (2x-\-  74°  20')  —  o".23  cos  36  X. 
The  first  term  shows  that  the  circle  has  a  small 
eccentricity,  and  the  latter  probably  arises  from 
the  manner  in  which  the  graduations  were  made. 
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If  these  periodic  errors  are  computed  by  this  for- 
mula for  ever)'  fifth  degree  and  subtracted  from 
the  corresponding  values  in  column  II,  the  results 
given  in  column  III  will  be  obtained.  So  far  as 
this  investigation  goes,  these  may  be  regarded  as 
the  accidental  errors  of  graduation.  The  prob- 
able error  in  the  position  of  any  line  is  ±  o".38, 
and  the  probable  error  of  the  mean  of  four  lines 
is  ±  o".ig. 
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Miss  Bigelow  determined  the  amount  of  flex- 
ure, by  combining  reflected  and  direct  observa- 
tions, using  the  following  formulae : 

W.  D.  f  =  5i -fo  cos  5 -ffc  sin-— (i8o°-l-.V)-l- a, 

W.  R.  i8o°— i:=:^2  — acos2-f  6sin~— (i8o°-f-.V)-l-a, 
E.  D.  360° — f  =  Ss -f  a  cos  2  —  fcsinr — (i8o°-f  .V)-f  a, 
E.   R.    i8o°-ff  =  r4  —  ocosr  —  6sin5  — (180° -f-V)-f (I, 

where  E  and  W  denote  respectively  clamp  east 
and  clamp  west ;  D,  direct ;  R,  reflected,  and  N 
the  nadir  reading.  She  found  the  coefficient  of 
cosine  flexure  to  be  i".694,  and  that  of  sine  flex- 
ure, o".ii7.  "In  the  case  of  clamp  west  the  cir- 
cle readings  increase  from  the  zenith  toward  the 
north  and  the  formula  for  the  flexure  correction 
is 

f  =  r-f  o".i62 —  i".694  cosr-f  o".ii7  sin  c  —  i".694."' 

The  Chronograph  made  by  Fauth  &  Company 
is  now  located  in  the  entrance  hall  of  the  new 
building,  about  midway  between  the  clock  room 
and  the  meridian  circle  room. 

THE  LARGE  REFLECTING  TELESCOPE. 

In  June,  1906,  the  Board  of  Regents  set  aside 
the  sum  of  $15,000,  as  an  initial  appropriation 
toward  the  construction  of  a  large  reflecting  tel- 
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escopc.  In  doing  so  they  adopted  the  plan  of 
having  t!ie  instrument  designed  at  the  Observa- 
tory and  as  largely  as  possible  constructed  in  the 
Engineering  and  Observatory  Shops.  In  each 
of  the  three  succeeding  years,  as  was  planned,  ad- 
ditional small  appropriations  were  made  for  con- 
tinuing the  work,  and  on  the  completion  of  the 
telescope,  in  May,  191 1,  there  had  been  expended 
upon  it  and  its  accessories  the  aggregate  sum  of 
about  $24,c«o.  This  aggregate  includes  the  cost 
of  designing  and  constructing  the  mounting,  the 
special  tools  required  in  the  shop  for  the  work, 
optical  parts,  stellar  spectrograph  and  measuring 
engine,  and  the  various  auxiliary  instruments 
and  accessories  which  are  necessary  for  the  suc- 
cessful operation  of  the  instrument. 

The  Largf,  and  Small  Mirrors. 

The  optical  parts  of  the  large  reflecting  tele- 
scope were  ordered  from  The  John  A.  Brashear 
Company,  Allegheny,  Pennsylvania,  in  August, 
1906,  and  they  were  finished  and  delivered  in 
Ann  Arbor  in  December  of  the  following  year. 

When  the  large  mirror  was  ordered  it  was  spec- 
ified that  it  should  have  a  clear  aperture  of  at 
least  thirty-six  inches,  and  a  focal  length  of  about 
19.1  feet;  that  it  should  be  made  of  an  excellent 
disk  of  well-annealed  crown  glass,  not  necessarily 
the  grade  of  crown  glass  that  is  used  for  objec- 
tives, but  the  best  quality  of  crown  that  is  used 
for  large  mirrors;  that  the  disk  should  be  about 
six  inches  in  thickness,  and  that  it  should  have  a 
central  aperture  five  inches  in  diameter,  so  that 
the  telescope  could  be  used  in  the  Cassegrain 
form  of  construction.  It  was  further  specified 
that  the  finished  mirror  should  be  parabolic  and 
free  from  zones,  showing  no  sensible  errors  un- 
der rigorous  tests,  and  that  the  makers  should 
provide  the  means  of  condiicting  the  tests  in  a 
satisfactory-  manner,  not  only  by  laboratory  meth- 
ods, but  also  if  required  by  obsen-ations  upon 
stars. 

The  glass  was  made  at  St.  Gobain,  France, 
and  in  its  rough  state  the  disk  weighed  about  650 
pounds.  It  was  somewhat  larger  than  specified, 
and  in  working  it  the  opticians  left  it  as  large  as 
possible.  Owing  to  these  circumstances  the  fin- 
ished telescope  has  a  larger  clear  aperture  than 
was  first  planned.     The  mirror  has  an  outside 


diameter  of  37%  inches.  The  front  edge  is  slight- 
ly beveled,  and  the  diameter  of  the  silvered  sur- 
face is  37^^  inches.  We  commonly  speak  of  the 
mirror  as  having  a  diameter  of  37^  inches. 

A  central  hole  about  three  inches  in  diameter 
was  cast  in  the  disk,  and  in  the  course  of  the 
work  at  Allegheny,  this  was  enlarged  to  the  re- 
quired diameter  of  five  inches.  This  was  in 
many  respects  a  critical  operation,  for,  in  so  large 
a  disk,  the  cutting  of  a  central  hole  relieves  the 
interior  stresses  to  such  an  extent  that  the  disk 
is  liable  to  go  to  pieces  unless  it  is  exceptionally 
well  annealed. 

There  are  three  secondary  mirrors,  each  about 
ten  inches  in  diameter.  One  of  them  is  plane 
and  the  other  two  are  hyperbolic.  The  hyper- 
bolic mirrors  have  been  finished  to  such  curva- 
tures that  when  used  in  connection  with  the 
large  parabolic  mirror,  the  combination  has  an 
equivalent  focal  length  of  sixty  feet.  The  posi- 
tion of  the  Cassegrain  focus  is  about  two  feet 
back  from  the  front  surface  of  the  large  mirror, 
a  position  which  is  very  convenient  for  the  spec- 
troscopic work. 

Type  of  Mount ixg. 

The  mounting  is  a  modification  of  the  English 
type_.  The  polar  axis  is  supported  at  its  two 
ends  on  separate  piers,  and  the  declination  axis 
intersects  it  a  foot  below  its  center.  This  form 
of  mounting  allows  the  instrument  to  pass  the 
meridian  without  reversal  and  also  permits  all 
parts  of  the  sky  to  be  reached  with  as  much 
facility  as  with  the  usual  form  of  equatorial 
mounting. 

The  space  between  the  north  and  south  piers 
is  sufficient  to  permit  the  free  passage  of  a 
single  prism  spectroscope,  when  attached  to  the 
instrument,  at  all  hour  angles  at  which  work 
would  be  done,  up  to  declination  -f-  60°. 

It  is  common  to  work  with  the  tube  and  spec- 
troscope under  the  polar  axis.  The  eye-end  is 
then  near  the  floor  for  all  ordinary  hour  angles, 
and  this  is  convenient  for  the  observer,  since  it 
requires  very  little  movement  on  his  part  while 
making  the  observations. 

The  Polar  Axis. 
The  polar  axis  is  sixteen  feet  long  and  consists 
essentially  of  three  castings,  two  steel  shafts,  and 
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two  relieving:  roller  bearings,  all  so  rigidly  fast- 
ened together  as  practically  to  form  a  single 
piece.  The  central  casting  is  cubical,  and  was 
carefully  machined  on  opposite  sides  to  receive 
the  machined  bases  of  two  conical  castings,  which 
are  firmly  attached  to  it.  The  relieving  roller 
tires  are  made  of  tool  steel,  and  when  machined 
they  were  pressed  upon  the  upper  and  lower 
steel  shafts  to  their  designated  positions.  The 
smaller  ends  of  the  conical  castings  were  bored 
out  and  the  steel  shafts  forced  into  them  under 
heavy  hydraulic  pressure.  After  the  parts  were 
assembled,  the  polar  axis  was  finished  by  grind- 
ing all  the  bearing  surfaces  to  their  specified  di- 
mensions, in  a  large  lathe,  at  a  single  centering. 
These  bearing  surfaces  include  the  upper  and 
lower  bearings  of  the  polar  axis  each  6.75  inches 
in  diameter ;  the  relieving  roller  tires,  9.00  inches 
in  diameter;  the  bearing  for  gears  on  the  upper 
polar  axis  shaft,  6.80  inches  in  diameter;  and  the 
bearing  for  the  worm  wheel  on  the  lower  polar 
axis  shaft,  9.25  inches  in  diameter.  The  parts 
of  the  polar  axis  have  not  been  separated  since 
these  bearings  were  ground. 

The  polar  axis  turns  in  babbitted  boxes,  and 
has  relieving  rollers  near  each  end,  designed  to 
carr)^  the  greater  portion  of  the  weight.  The 
thrust  of  the  polar  axis  is  taken  by  a  roller 
thrust  bearing,  which  is  supported  on  an  adjust- 
able block. 

The  two  ends  of  the  polar  axis  are  supported 
on  separate  piers,  each  of  which  is  provided 
with  screws  for  the  adjustment  of  the  instrument 
in  altitude  and  azimuth.  When  such  adjustments 
are  made  the  alignment  of  the  polar  axis  bear- 
ings would  be  destroyed  if  provision  were  not 
made  for  corresponding  changes  in  the  directions 
of  the  bearings  themselves.  This  is  effected  by 
having  the  bearings  in  blocks,  the  outsides  of 
which  are  finished  spherical  surfaces.  These 
blocks  rest  in  others,  having  corresponding  con- 
cave spherical  surfaces,  and  are  held  in  place  in 
such  a  manner  that  they  may  respond  to  any 
changes  which  may  be  impressed  upon  the 
polar  axis  in  the  course  of  the  adjustment  of  the 
instrument. 

The  Declination  Axis. 

The  declination  axis  is  made  from  a  steel 
forging,  and  in  its  finished  form  it  is  about  eight 


inches  in  diameter  and  nearly  seven  'feet  in 
length.  Its  diameter  at  the  upper  end  is  en- 
larged by  a  flange  to  eighteen  inches,  by  means  of 
which  it  is  attached  to  the  central  casting  of  the 
telescope  tube. 

The  declination  axis  passes  centrally  through 
the  cube  of  the  polar  axis,  and  its  low^er  end  and 
the  counterw-eights  are  supported  by  a  conical 
casting  attached  to  this  cube. 

The  declination  axis  is  provided  w'ith  roller 
shaft  bearings  and  with  roller  thrust  bearings  at 
its  upper  and  lower  ends.  The  thrust  bearings 
are  so  arranged  that  they  take  the  thrust  in  both 
directions  with  equal  facility. 

The  declination  axis  has  a  longitudinal  hole, 
three  and  a  half  inches  in  diameter,  bored 
throughout  its  length.  This  is  for  the  passage 
of  the  shafts  for  the  operation  of  the  clamp  and 
slow  motion  in  right  ascension. 

The  Tube. 

The  tube  con.sists  of  a  central  section,  con- 
nected with  the  declination  axis,  which  carries 
the  ring  for  the  declination  clamp  and  the  grad- 
uated declination  circle ;  a  lower  heavy  cylindri- 
cal casting,  to  which  are  attached  the  cell  for  the 
mirror,  the  carrying  frame  for  the  spectroscope, 
the  auxiliary  counterweights,  the  brackets  for 
the  clamps  and  slow  motions,  and  the  terminals 
of  the  electrical  connections ;  an  upper  section 
made  of  boiler  plate  riveted  together  and 
strengthened  by  heavy  internal  bronze  rings ;  and, 
finally,  a  short  Newtonian  section,  fitted  to  the 
upper  end  of  the  tube  in  such  a  manner  that  it 
may  be  rotated  about  the  axis  of  the  instrument 
and  clamped  in  any  position. 

The  central  section  of  the  tube  is  built  upon  a 
heavy  square  casting,  to  which  are  fastened  two 
strong  cast  steel  rings,  connected  by  a  cylindrical 
piece  of  thick  boiler  plate.  By  this  arrangement 
this  section  of  the  tube  is  flat  on  one  side,  and  it 
is  upon  this  flat  side  that  the  cover  to  the  mirror 
is  hinged,  as  described  elsewhere. 

Worm  Wheel. 
The  worm  wheel  is  situated  near  the  low^er 
end  of  the  polar  axis,  with  the  worm  mounted 
on  the  north  face  of  the  upper  south  pier  cast- 
ing. The  wheel  ifself  is  made  of  cast  iron,  with 
an  inserted  bushinsr  of  bronze  as  the  bearing  sur- 
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face,  and  with  an  attached  rinjj  of  bronze  upon 
which  the  teetli  are  cut.  The  diameter  of  tlie 
wheel  is  very  nearly  40.5  inches.  It  has  three 
hundred  and  eighty  teeth,  single  thread,  three 
pitch,  left  hand. 

Tlie  thrust  of  the  worm  wheel  is  taken  by  a 
ball  thrust  bearing,  which  encircles  the  polar 
axis  just  below  the  wheel.  The  balls  are  one- 
half  inch  in  diameter  and  run  between  hardened 
and  ground  steel  plates.  The  worm  wheel  was 
made  by  the  P)rown  &  Sharpe  Mfg.  Co.,  of  Provi- 
dence, Rhode  Island,  and  worm  by  Mr.  Emile 
Colliau,  Instrument  Maker  at  the  Observatory. 
The  worm  is  arranged  to  run  continuouslv  in 
oil. 

Driving  Ct.ock. 

The  driving  clock  is  of  the  usual  double  con- 
ical pendulum  type,  driven  by  a  weight,  which 
is  automatically  wound  by  means  of  an  electric 
motor.  The  pendulum  system  is  supported  on 
ball  bearings  and  revolves  in  five-sixths  of  a 
second.  The  principal  axes  are  carried  on  roller 
bearings,  running  in  hardened  and  ground  steel 
cases. 

Quick  Motions. 

Quick  motions  in  right  ascension  and  in  de- 
clination have  been  provided,  which  are  operated 
by  means  of  hand  wheels  placed  at  a  convenient 
height  on  the  south  face  of  the  north  pier,  and 
also  from  the  top  of  this  pier.  The  latter  pro- 
vision was  made,  having  in  mind  the  possibility 
of  the  use  of  the  instrument  in  the  Newtonian 
form,  in  which  case  an  additional  observing  floor 
would  probably  be  erected  at  about  the  level  of 
the  center  of  motion. 

The  setting  scale  for  hour  angles  is  placed  on 
the  south  face  of  the  north  pier,  near  the  quick 
motion  handles,  and  the  declination  circle  can 
ordinarily  be  read  without  difficulty  from  the 
same  position.  This  position  of  the  setting 
handles  has,  therefore,  been  found  very  con- 
venient. 

The  right  ascension  quick  motion  is  thrown 
out  of  gear  by  means  of  a  clutch,  which  is  also 
operated  from  the  south  face  of  the  north  pier. 
This  clutch  throws  out  of  action  a  long  train  of 
gears,  including  the  so-called  "jack-in-the-box" 
system,  which  is  mounted  in  the  upper  section 
of  the  north  pier,  and  which  has  for  its  function 


to    prevent    a    motion    in    declination    when    the 
telescope  is  ])cing  moved  in  right  ascension. 

Si.ow  Motions  in  Right  Ascension  and  De- 
clination. 

Two  methods  of  obtaining  slow  motion  in 
right  ascension  have  been  provided.  One  is  by 
means  of  a  screw  working  in  an  adjustable 
block  which  displaces  the  arm  of  the  right  as- 
cension clamp  in  the  usual  manner.  It  is  operated 
by  means  of  hand  wheels  at  the  eye  end  of  the 
instrument. 

Th.e  other  is  by  differential  gears  placed  be- 
tween the  clock  train  and  the  worm  wheel.  A 
small  electric  motor  is  geared  directly  to  the 
largest  of  the  wheels  of  the  differential  group, 
and  by  means  of  it  they  may  be  turned  in  either 
direction  any  desired  amount.  The  motor  is 
controlled  by  a  switch  at  the  eye  end  of  the 
telescope.  This  form  of  slow  motion  has  been 
found  so  satisfactory  that  it  is  used  exclusively. 
It  is  especially  convenient  for  guiding  purposes 
with  the  spectrograph,  since  it  is  capable  of  giving 
large  or  small  movements  as  may  be  desired, 
without  producing  appreciable  vibration. 

The  declination  slow  motion  is  of  the  usual 
form,  a  screw  working  in  an  adjustable  block  at 
the  end  of  the  arm  connected  with  the  declina- 
tion clamp. 

Handles  for  the  clamps  and  slow  motions  in 
right  ascension  and  in  declination  are  provided 
at  both  ends  of  the  telescope  tube. 

Mirror  Mounting. 

The  mirror  mounting,  taken  in  all  its  details, 
is  rather  complicated ;  more  than  three  hundred 
parts  enter  into  the  construction  of  the  cell  and 
the  mirror  supporting  system.  The  mirror  rests 
upon  six  felt-covered  bronze  rings  or  cups,  sup- 
ported at  the  ends  of  three  steel  levers,  which  are 
pivoted  at  their  centers  upon  blocks  that  are  ad- 
justable in  height.  Altogether  these  parts  form 
a  well  distributed  three-point  support  system  for 
the  mirror. 

The  mirror  is  held  in  place  laterally  by  six 
leather-faced  cast-iron  blocks,  which  bear  against 
it  near  its  lower  edge  and  thus  prevent  any  large 
displacement.  These  blocks  are  all  adjustable, 
but  those  on  one  side  of  the  cell,  when  once  ad- 
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justed,  remain  constant  in  position,  while  those 
upon  the  opposite  side  allow  of  some  movement, 
being  held  against  the  mirror  with  moderate 
pressure  by  suitable  spiral  springs. 

A  carefully  machined  bronze  ring,  about  three 
inches  in  width,  encircles  the  mirror  midway  be- 
tween its  upper  and  lower  edges,  and  is  brought 
into  practical  contact  with  it  by  means  of  a  felt 
band  of  such  thickness  as  just  to  fill  the  space 
between.  This  ring  is  supported  on  the  shorter 
arms  of  twelve  levers,  mounted  to  the  inner  side 
of  the  cell,  with  ball  bearings,  so  that  they  are 
free  to  move  about  their  fulcrums  in  any  direc- 
tion. The  longer  arms  of  these  levers  carry  ad- 
justable lead  weights,  so  proportioned  as  to  bal- 
ance the  weight  of  the  mirror  in  any  position. 

Although  the  telescope  is  not  intended  to  be 
brought  into  a  position  which  will  permit  the 
mirror  to  move  away  from  the  bronze  cups  which 
support  it  at  the  back,  provision  is  made  to  guard 
against  such  contingency  by  having  adjustable 
holding  down  pieces,  which  are  normally  just  in 
contact  with  the  front  surface  of  the  mirror  near 
its  edge.  These  pieces  are  readily  removable 
and  are  taken  off  when  the  mirror  is  being  sil- 
vered. 

Silvering  thr  Mirror. 

The  large  parabolic  mirror  may  be  resilvered 
without  taking  it  from  the  tube  and  without  dis- 
turbing its  adjustments.  Four  large  man-holes 
have  been  placed  in  the  tube,  a  short  distance 
above  the  mirror,  to  give  easy  access  to  it.  Un- 
der ordinary  conditions  these  are  closed  with 
wooden  covers.  When  the  mirror  is  to  be  re- 
silvered  the  covers  are  removed,  and  so  also  are 
some  of  the  slow  motion  rods,  which  happen  to 
cross  the  holes,  provision  being  made  for  readily 
removing  them.  The  telescope  is  then  placed 
with  the  tube  in  a  vertical  position,  and  the  hold- 
ing down  clamps  removed  from  the  edge  of  the 
mirror.  To  prevent  water  and  the  silvering  solu- 
tions from  over-flowing,  a  band  of  parafined 
paper  is  bound  tightly  around  the  mirror,  ex- 
tending about  six  inches  above  the  polished  sur- 
face. A  parafined  wooden  plug  closes  the  cen- 
tral aperture.  When  these  arrangements  haye 
been  made  the  old  silver  coating  may  be  dissolved, 
the  surface  washed,  and  a  new  silver  coating 
deposited,  with  comparative  facility,  the  succes- 


sive solutions  being  removed  by  taking  out  the 
wooden  plug  and  letting  them  flow  through 
the  central  aperture  into  vessels  placed  below. 

Program  for  Silvering  the  37I/2-INCH  Mirror. 
To  ensure  success  in  silvering  the  large  mirror 
all  details  must  be  attended  to  very  carefully. 
Dr.  Curtiss  has  worked  out  the  following  pro- 
gram, which  is  printed  here  for  convenience  of 
reference. 

1.  Withdraw  electrical  plugs  and  place  tem- 
perature case  in  position  for  removing  spectro- 
graph. 

2.  Let  spectrograph  down  as  far  as  possible 
by  focussing  apparatus. 

3.  By  means  of  the  fast  motions  in  right  as- 
cension and  declination,  place  spectrograph  in 
position  on  the  temperature  case,  using  wooden 
shims  if  necessary  and  two  wooden  cross  pieces. 

4.  Put  lead  teeights  on  loiver  end  of  telescope 
tube. 

5.  Remove  nuts  and  move  focussing  screws 
up  as  far  as  possible. 

6.  Push  temperature  case  with  spectrograph 
supported  upon  it  out  of  the  way,  at  the  same 
time  raising  telescope  to  clear  the  spectrograph 
ring. 

7.  Take  off  the  slow  motion  shafts. 

8.  Take  off  the  holding  down  pads  on  the 
mirror  surface. 

9.  Place  paper  dam  around  the  edge  of  the 
mirror. 

10.  Remove  old  silver  with  nitric  acid. 

11.  Clean  mirror  surface  carefully  with  dis- 
tilled water,  leaving  one-half  of  an  inch  of  water 
(at  edges)  on  the  mirror. 

12.  Add  silvering  solutions,  made  up  as  fol- 
lows : 

Solutions. — To  a  solution  of  200  gms.  of 
AgNOj  in  10,000  CCS.  of  distilled  water  add  am- 
monia until  the  precipitate  redissolves.  Then 
add  a  solution  of  100  gms.  of  KOH  in  5,000  ccs. 
of  water.  Add  ammonia  until  the  second  pre- 
cipitate is  nearly  dissolved.  When  ready  to  sil- 
ver add  1 140  CCS.  of  the  following  solution : 

Rock  candy ' 90  gms. 

Concentrated  nitric  acid   (sp.  gr.  1.22)       4  ccs. 

Alcohol    175  ccs. 

Distilled  water   1000  ccs, 
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This  is  a  stock  solution  which  improves  with 
age. 

13.  When  the  surface  begins  to  look  milky, 
drain  off  the  solutions  and  flush  the  mirror  sur- 
face with  distilled  water.     Clean  thoroughly. 

14.  Remove  the  paper  dam  while  the  mirror 
is  still  wet  and  flush  the  mirror  again. 

15.  Remove  water  remaining  on  brass  ring. 

16.  Replace  holding  down  pads  on  mirror. 

17.  After  the  mirror  is  thoroughly  dry,  brush 
and  burnish  the  surface. 

18.  Replace  spectrograph  and  then  remove 
lead  weights. 

19.  Replace  shafts,  etc. 

Mirror  Cover. 

The  cover  to  the  mirror  is  placed  in  the  cen- 
tral section  of  the  tube,  a  little  below  the  declina- 
tion axis,  at  a  distance  of  about  two  feet  above 
the  surface  of  the  mirror.  This  part  of  the  tube 
is  flat  on  one  side,  and  it  was  possible  to  insert 
there  a  strong  cover,  made  in  one  piece,  wliich 
can  be  opened  and  closed  at  a  single  operation, 
like  a  door.  A  catch  holds  the  cover  in  place 
when  it  is  down.  The  cover  is  operated  by  means 
of  a  flexible  cord  from  the  eye  end  of  the  instru- 
ment. 

This  cover  forms  a  part  of  the  temperature 
case,  described  elsewhere.  It  is  constructed  of 
two  layers  of  wood,  having  a  space  between, 
filled  with  a  non-conducting  material.  The  cover 
closes  upon  a  circular  felt  ring. 

Support  for  Secondary  Mirrors. 

The  mountings  for  the  hyperbolic  and  plane 
secondary'  mirrors  were  designed  by  Dr.  Curtiss, 
with  a  view  to  rigidity  and  minimum  light 
obstruction,  together  w^ith  ease  of  removal  for 
silvering  and  ready  focal  adjustment  along  the 
optical  axis  of  the  telescope.  The  removal  and 
replacement  of  either  mirror  without  disturbance 
of  the  coUimation  adjustment  has  also  been  en- 
sured in  the  design. 

A  bronze  spool,  coaxial  with  the  Cassegrain 
optical  system  is  supported  rigidly  in  place  by 
the  usual  system  of  four  webs,  stretched  tightly 
across  the  telescope  tube.  The  cylindrical  hole, 
3^^  inches  in  diameter  and  six  inches  long,  in 
the  spool,  is  bored  to  receive  a  cylindrical  casting 


which  divides  at  the  lower  end  into  three  spread- 
ing struts  or  legs  to  the  feet  of  which  the  back 
plate  of  the  mirror  cell  is  attached  by  concentric 
collimating  screws.  The  back  plate  of  the  mirror 
cell  is  a  bronze  annular  disk,  11%  inches  outside 
diameter,  with  three  bosses  on  its  back  face  to 
receive  the  collimating  screws,  and  with  its  front 
surface  accurately  planed  about  the  edge  to  re- 
ceive the  cylindrical  part  of  the  cell,  into  which 
the  mirror  fits.  This  cylindrical  cell  is  con- 
structed with  a  narrow  inner  flange  on  its  front 
side,  against  which  rests  the  edge  of  the  front 
surface  of  the  mirror,  which  is  held  in  place  by 
six  adjustable  steel  springs,  compressed  by  screws 
passing  through  the  back  plate  of  the  cell. 

The  cylindrical  tube  carrying  the  mirror  cell 
slides  to  and  from  the  large  mirror  through  a 
distance  of  two  and  one  quarter  inches,  in  the 
fixed  bronze  spool,  a  motion  effected  by  means 
of  a  rack  and  pinion.  One  end  of  the  pinion 
shaft  carries  a  wooden  handle  that  may  be  man- 
ipulated at  the  small  mirror;  the  other  end  of 
the  pinion  shaft  extends  through  the  telescope 
tube  to  a  pair  of  bevel  gears  by  means  of  which 
the  focal  adjustment  of  the  secondaries  may  be 
readily  controlled  at  either  end  of  the  telescope 
tube,  by  slow-  motion  handles.  A  given  move- 
ment of  the  hyperbolic  secondary  to  or  from  the 
large  mirror  causes  a  ten-fold  change  in  the 
position  of  the  focal  plane  of  the  Cassegrain  com- 
bination. Thus  the  observer  may  easily  alter  the 
position  of  the  focal  plane  in  the  Cassegrain  form 
about  twenty-three  inches.  This  is  much  more 
than  is  required  for  seasonal  changes  and  fully 
enough  to  make  possible  the  use  of  extra-focal 
photometric  apparatus,  without  the  removal  of 
the  spectroscope.  At  the  same  time,  with  a  little 
experience,  this  hand  motion  of  the  hyperbolic 
secondarv-  enables  an  obser^-er  to  maintain  an 
accurate  focal  adjustment  of  the  star  image  for 
spectrographic  work  with  the  minimum  of  incon- 
venience. 

When  a  secondarj-  is  to  be  resilvered,  the  cyl- 
indrical tube  and  cell  together  are  slid  out  of  the 
fixed  spool.  The  back  plate  is  then  unscrewed 
from  the  cell,  and  the  cylindrical  section  of  the 
cell  containing  the  mirror  is  placed  on  some  flat 
surface,  on  w^hich  the  back  surface  of  the  mirror 
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rests.  This  part  of  the  cell  is  then  Hfted  off 
from  the  mirror.  After  silvering,  it  is  obvious 
that  the  mirror  can  be  restored  exactly  to  its 
former  position,  with  no  danger  of  error,  since 
every  screw  is  simply  driven  home  again  and  the 
collimating  screws  are  not  disturbed  nor  changed. 

Temperature  Case. 

The  early  experience  with  this  instrument 
showed  that  the  rapidly  falling  temperature  dur- 
ing the  early  evening  hours  produced  optical  dis- 
tortions in  the  mirror  surface,  and  it  was  not  un- 
til a  condition  of  eqilibrium  had  been  reached 
that  the  best  results  could  be  obtained.  Accord- 
ingly, to  decrease  the  daily  range  of  temperature 
of  the  mirror  and  spectroscope  parts,  a  tempera- 
ture case  was  constructed,  within  which  the  lower 
part  of  the  telescope  tube  and  spectroscope  are 
kept  during  the  day. 

The  temperature  case  consists  of  a  wooden 
frame,  carrying  a  double  covering  of  building 
paper  overlaid  with  painted  canvas,  separated 
four  inches,  and  with  the  intervening  space  filled 
with  a  non-conducting  material.  The  case  is 
mounted  on  casters,  and  may  easily  be  moved 
from  one  position  to  another  on  the  observing 
floor.  It  has  doors  on  one  side  of  sufificient  size 
for  the  entrance  of  the  spectroscope  and  lower 
part  of  the  telescope  tube.  At  the  end  of  the 
night's  work  the  tube  is  placed  in  a  vertical  posi- 
tion, the  case  is  moved  up  to  it,  and  the  doors 
closed.  The  lower  portion  of  the  telescope  tube 
and  spectroscope  are  then  fully  enclosed  within 
the  case.  Here  they  remain  during  the  day.  At 
night  the  case  is  removed  when  the  temperature 
outside  has  fallen  to  that  within  it,  as  shown  by 
thermometers,  one  mounted  inside  and  the  othe 
outside  of  the  case,  the  one  within  being  visible 
through  a  small  window. 

Under  average  conditions,  the  efficiency  of 
this  case  is  just  sufficient  to  have  the  temperature 
within  it  equal  to  that  without,  an  hour  or  two 
after  sunset,  and  this  may  be  regarded  as  the 
most  desirable  working  condition,  since  it  enables 
the  observer  to  begin  his  work  soon  after  dark. 

The  temperature  case  is  provided  with  sup- 
ports for  carr}'ing  the  spectroscope  when  it  is 
not  attached  to  the  telescope. 


Focussing  for  Spectroscopic  Work. 

The  spectroscope  is  supported  by  a  frame, 
which  may  be  moved  in  or  out  by  means  of  a 
system  of  connected  screws,  operated  by  two 
handles  similar  to  the  slow  motion  handles  in 
right  ascension  and  declination.  This  system  is 
also  operated  by  a  ratchet,  the  handle  of  which 
is  within  easy  reach  of  the  observer  when  look- 
ing through  the  guiding  telescope  of  the  spec- 
troscope. By  means  of  the  ratchet  a  very  ac- 
curate focal  adjustment  of  the  spectroscope  may 
be  made. 

The  focal  adjustment  may  also  be  obtained  by 
altering  the  distance  between  the  hyperbolic  and 
parabolic  mirrors.  The  hyperbolic  mirror  is  sup- 
ported in  such  a  way  that  it  may  be  moved  along 
the  axis  of  the  telescope  by  a  rack  and  pinion, 
without  deranging  the  collimation.  This  move- 
ment is  controlled  from  the  eye-end  of  the  tele- 
scope by  means  of  shafts  and  gears  operated 
by  a  hand-wheel  similar  to  those  employed  for 
the  slow  motions  in  right  ascension  and  declina- 
tion. When  care  is  exercised,  this  method  will 
give  an  accurate  adjustment  of  the  focus  upon 
the  slit,  and  in  practice  it  is  this  method  that  is 
generally  used. 

Electric  Controi,  at  the  Eve  End. 
Every  effort  has  been  made  to  put  the  instru- 
ment under  the  complete  control  of  a  single  ob- 
server. To  this  end  most  of  the  electrical  con- 
nections have  been  carried  to  the  eye  end.  When 
an  observer  is  working  with  the  spectroscope,  he 
has  circuits  imder  his  control,  so  that  he  may  use 
them  without  leaving  his  position  at  the  guiding 
telescope,  for  the  following  purposes: 

1.  For  turning  the  dome  in  either  direction, 
any  amount. 

2.  For  giving  the  telescope  a  slow  motion  in 
right  ascension,  in  either  direction,  by  means  of 
the  motor  connected  with  the  differential  gears 
in  the  clock  train.  This  form  of  slow  motion  in 
right  ascension  has  proven  so  satisfactory  that 
it  is  used  exclusively. 

3.  For  inserting  the  spark  for  the  compari- 
son spectrum,  and  for  reversing  it  at  pleasure 
from  one  side  of  the  slit  to  the  other. 

4.  For  illuminating  the  hour  angle  scale  and 
the  declination  circle. 
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5.  For  reading  hand  lamp. 

6.  For  controlling  the  small  fan  motor  in  the 
spectroscope  box. 

The  heating  and  thermostat  circuits  are  also 
brought  to  the  eye  end  of  the  telescope,  but  they 
are  controlled  from  the  switch-board. 

Circuits  are  also  installed  on  the  instrument  for 
illuminating  the  wires  of  the  double  slide  plate 
holder,  but  these  have  not  yet  been  used,  since 
all  the  work  of  the  instrument  to  the  present  has 
been  in  spectroscopy. 

Pier. 

The  foundation  of  the  pier  is  a  block  of  rein- 
forced concrete,  twenty-eight  feet  long,  twelve 
feet  wide,  and  nine  feet  deep,  made  of  broken 
limestone,  gravel,  sand,  and  cement. 

A  hollow,  rectangular,  brick  pier  is  built  upon 
this  foundation,  laid  in  mortar  so  rich  in  cement 
as  to  make  it  practically  a  cement  structure 
throughout.  It  is  twenty-seven  feet  long,  ten 
feet  seven  inches  wide,  and  rises  to  a  height 
of  twenty-eight  feet  three  inches  above  the  foun- 
dation. At  this  elevation  the  greater  portion  of 
the  pier  is  arched  over  and  finished  with  a  level 
upper  surface,  on  the  south  end  of  which  stand 
the  large  castings,  one  upon  another,  which  sup- 
port the  south  end  of  the  polar  axis.  The  lowest 
of  these  castings  is  approximately  rectangular, 
six  feet  by  five  feet  at  the  base,  and  forms  the 
room  for  the  driving  clock.  This  room  has  large 
iron  doors  on  the  east  and  west  sides,  making  the 
clock  easily  accessible. 

At  the  north  end  the  brickwork  rises  seventeen 
and  a  half  feet  higher,  in  the  form  of  a  hollow, 
tapering,  rectangular  column,  on  the  top  of  which 
are  placed  the  castings  wOiich  support  the  north 
end  of  the  polar  axis.  The  center  of  motion  of 
the  instrument  is  forty-five  feet  above  the 
ground. 

The  brick  walls  of  the  pier  are  thirty-four 
inches  in  thickness,  and  they  are  connected  by 
two  cross  walls,  one  seventeen  and  the  other 
twenty-five  inches  in  thickness.  These  walls  and 
the  floors  divide  the  space  within  the  pier  inio  a 
number  of  compartments,  which  are  accessible 
by  a  door  in  the  basement  and  one  on  the  main 
floor.     The  south  compartment  extends  from  the 


top  of  the  pier  to  the  level  of  the  Basement  floor, 
and  forms  the  well  for  the  driving  clock  weight. 

Dome. 

The  dome  for  the  reflecting  telescope  is  forty 
feet  in  diameter  and  has  a  slit  eight  and  a  half 
feet  in  width,  which  extends  from  the  horizon  of 
the  instrument  to  a  point  two  feet  beyond  the 
zenith.  The  base  plate  is  made  of  heavy  cast- 
ings, carefully  planed  and  fitted,  and  rigidly 
bolted  together,  to  form  a  complete  circle.  The 
principal  girders  are  ten-inch  I-beams,  bent  to 
the  curvature  of  the  dome,  and  extend  from  the 
base  plate  on  one  side  to  the  base  plate  on  the 
other  side.  They  are  placed  parallel  and  enclose 
the  slit  between  them.  The  secondary  girders 
are  six-inch  I-beams,  bent  in  a  similar  manner. 
They  extend  from  the  top  of  the  dome  to  the 
base  plate,  and  are  at  right  angles  to  the  princi- 
pal girders.  The  remainder  of  the  frame  is 
made  up  mainly  of  4  x  2-inch  T-iron,  placed  three 
feet  apart  at  the  bottom,  and  converging  toward 
the  top  of  the  dome.  The  dome  is  covered  with 
heavy  copper  plate,  which  is  fastened  directly  to 
the  steel  frame.  A  double  shutter  closes  the  slit. 
It  is  opened  and  closed  by  an  endless  rope  pass- 
ing over  a  sheave,  connected  with  the  gears  and 
cables  which  form  the  shutter  operating  mechan- 
ism. The  two  halves  of  the  shutter  of)en  and 
close  simultaneously,  and  move  parallel  to  each 
other. 

There  are  eighteen  dome  wheels,  each  sixteen 
inches  in  diameter.  They  are  mounted  on  the 
top  of  the  wall  in  frames  which  are  adjustable  in 
height  and  direction,  the  adjustment  in  direction 
being  for  the  purpose  of  centering  the  axes  of 
all  the  wheels  upon  a  point  in  the  vertical  axis 
of  the  dome.  The  base  of  the  dome  has  a  planed 
under  surface,  three  inches  in  width,  which  forms 
the  track.  The  dome  rests  directly  upon  the 
wheels,  and  is  held  in  place  laterally  by  nine 
guide  wheels  w-hich  are  mounted  on  the  wall  and 
bear  against  the  planed  inner  edge  of  the  base 
plate. 

A  circular  rack,  made  in  sections  about  three 
feet  in  length,  is  attached  to  the  under  side  of 
the  base  plate  near  its  inner  edge,  and  engages 
a  spur  gear  which  forms  a  part  of  the  dome 
operating    mechanism.     The    journals     of    tht 
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dome  wheels  run  in  roller  bearings.  The  dome 
turns  easily  and  may  be  readily  operated  by  hand, 
but  an  electric  motor  is  ordinarily  used  for  mov- 
ing it. 

The  dome  was  constructed  and  erected  by  the 
Russell  Wheel  and  Foundry  Company  of  Detroit. 
They  did  not,  however,  furnish  the  wheel  work, 
the  guide  rolls,  the  mechanism  for  turning  it  and 
for  opening  and  closing  the  shutters.  These 
were  made  by  the  Observatory  Instrument 
Makers. 

Design  .\nd  Construction. 

.All  the  detailed  drawings  required  for  shop 
use  in  the  course  of  the  construction  of  the  large 
rellecting  telescope  were  made  under  my  super- 
vision at  the  Observatory.  The  first  design  of  the 
instrument,  with  many  of  its  characteristic  fea- 
tures as  they  exist  today,  was  drawn  by  Mr.  E.  J. 
Madden.  This  design  was  carefully  studied  and 
the  numerous  modifications  wliich  suggested 
themselves,  were  embodied  in  a  later  design, 
drawn  by  Mr.  James  H.  Marks,  who  with  his 
assistants  worked  out  most  of  the  details.  He 
also  prepared  the  drawings  and  specifications  of 
those  parts  of  the  instrument  which  were  made 
on  contract.  All  the  details  of  the  spectroscopic 
and  electrical  equipment  were  planned  by  Dr. 
R.  H.  Curtiss,  and  the  success  of  the  instrument 
in  these  respects  is  due  to  him. 

As  soon  as  the  design  had  been  so  far  com- 
pleted that  the  general  features  of  the  instrument 
were  carefully  determined,  and  the  detailed  draw- 
ing made  of  those  parts  which  were  first  to  be 
constructed,  the  actual  work  upon  the  mounting 
was  begun.  This  was  on  May  i,  1907.  The 
telescope  was  completed  and  ready  for  modern 
spectroscopic  work  four  years  later.  In  the  year 
which  has  passed  since  its  completion,  it  has  been 
used  for  spectroscopic  work,  and  more  than  seven 
hundred  stellar  spectrograms  have  already  been 
secured. 

From  the  beginning  it  was  known  that  some 
parts  of  the  instrument  would  be  beyond  the 
capacity  of  the  machine  tools  of  the  University 
and  Observatory  Shops.  These  were  made  on 
contract.  The  Brown  &  Sharpe  Manufacturing 
Company,  Providence,  Rhode  Island,  made  the 
worm  wheel  and  clamp  ring  in  right  ascension; 


The  Charles  F.  Elmes  Engineering  Works,  Chica- 
go, Illinois,  furnished  the  bare  tube,  the  polar  and 
declination  axes,  and  two  of  the  large  castings 
for  the  south  pier.  The  special  ball  and  roller 
bearings  were  furnished  by  the  Standard  Roller 
Bearing  Company  of  Philadelphia.  All  the 
other  parts  of  the  mounting  were  made  by  the 
Observatory  Instrument  Makers,  Messrs.  E.  J. 
]\Iadden,  H.  J.  Colliau,  E.  J.  Colliau,  Thomas 
Madden,  and  Henry  Larmee.  The  Messrs. 
Madden  left  the  service  of  the  Observatory  in 
1908,  and  the  others  have  carried  on  the  work 
of  the  last  three  years.  They  finished,  erected, 
and  adjusted  the  instrument,  and  installed  its 
accessories. 

COMET  SEEKERS. 

When  the  Observatory  was  founded,  a  four- 
inch  comet  seeker  was  obtained  from  Henry 
Fitz,  of  New  York.  It  was  a  portable  instru- 
ment, mounted  on  a  tripod,  and  so  arranged 
that  it  could  be  used  either  as  an  alt-azimuth  or 
as  an  equatorial.  It  has  been  used  extensively  by 
students  as  an  instrument  of  instruction,  for 
the  examination  of  familiar  celestial  objects. 

In  1908,  a  new  comet  seeker  w-as  constructed 
in  the  Observatory  Shop,  by  Mr.  Henry  J. 
Colliau.  It  is  an  altazimuth  instrument,  with 
"broken  tube,"  and  cylindrical  stand,  and  is 
mounted  on  the  roof  of  the  Director's  residence, 
in  a  situation  easily  accessible  from  the  twelve- 
inch  telescope.  The  optical  parts  of  this  instru- 
ment, an  objective  of  four  and  one-half  inches 
aperture  and  a  three-inch  totally  reflecting  prism, 
were  furnished  by  the  John  A.  Brashear  Compa- 
ny of  Allegheny.  The  horizontal  axis  forms  a 
part  of  the  tube,  so  that,  for  all  zenith  distances, 
the  observer  looks  in  a  horizontal  direction. 

On  the  completion  of  the  new  comet  seeker, 
the  old  one  was  dismounted,  and  its  tube  and  ob- 
jective taken  as  the  finder  for  the  large  reflecting 
telescope. 

CLOCKS  AND  CHRONOMETERS. 

Tiede  Clock,  No.  125.  This  clock  was  obtained 
when  the  Observatory  was  founded,  and  notwith- 
standing more  than  fifty  years  of  service,  it  is 
still  in  excellent  condition.  It  was  originally 
rated  to  sidereal  time,  and  mounted  on  a  pier 
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near  the  Meridian  Circle,  in  a  convenient  position 
for  making  observations  by  the  eye  and  ear 
metliod.  It  was  here  exposed  to  considerable 
variations  of  temperature,  and  on  this  account 
it  was  removed  to  a  better  situation,  on  the  east 
face  of  the  brick  pier  of  the  Twelve-Inch  Tele- 
scope, and  later  still  to  the  clock  room  in  the  new 
building.  When  it  was  removed  from  the  merid- 
ian room,  it  was  changed  to  a  mean  time  rate, 
and  has  since  been  keeping  Central  Standard 
Time. 

Howard  Clock,  Xo.  413.  This  is  the  usual 
pattern  of  Howard  astronomical  clock.  It  was 
obtained  about  1893,  and  first  set  up  in  the  room 
adjacent  to  that  containing  the  Meridian  Circle. 
In  1910  it  was  transferred  to  the  clock  room  in 
the  new  building.  It  is  rated  to  keep  sidereal 
time.  The  pendulum  is  a  steel  rod,  carrj'ing  a 
cluster  of  four  steel  jars,  partially  filled  with 
mercury,  for  compensation.  The  second  hand 
arbor  carries  a  small  wheel,  whose  teeth  break  the 
circuit  and  thus  give  the  clock  signals.  The 
tooth  corresponding  to  the  59th  second  is  omitted. 

Setting  Clock.  An  inexpensive  Seth  Thomas 
clock,  having  a  seconds'  pendukun,  and  rated 
to  sidereal  time,  is  mounted  on  the  wall  of  the 
meridian  circle  room.  It  is  used  solely  for  setting 
purposes. 

Seismograph  Clocks.  Two  inexpensive  clocks 
are  provided  for  giving  signals  on  the  seismo- 
graph sheets.  They  are  mounted  on  the  walls 
of  the  clock  room.  One  is  used  at  a  time,  and 
the  other  held  in  reserve.  By  operating  through 
a  relay,  a  single  clock  gives  the  signals  for  the 
hours  and  minutes,  on  the  five  seismographic 
records,  sirriultaneously. 

Chronometers.  The  Observ^atory  has  two  sid- 
ereal chronometers,  made  by  T.  S.  &  J.  D.  Neg^is, 
of  New  York,  bearing  the  numbers,  578  and  721 ; 
and  one  mean  time  break  circuit  chronometer, 
made  by  William  Bond  &  Son,  of  Boston,  bearing 
the  number  588.  The  sidereal  chronometers 
have  been  in  the  possession  of  the  Obser\-atorj' 
for  many  years.  The  mean  time  chronometer 
was  received  in  1910. 

THE  STUDENTS'  OBSERVATORY. 
In  1880,  for  purposes  of  instruction,  there  were 
added   to  the  equipment  of  the  Observatorj'    a 


si.x-inch  equatorial  refractor,  a  three-inch  transit 
instrument,  with  zenith  telescope  attachment, 
both  made  by  Fauth  &  Company,  of  Washington, 
D.  C,  except  that  the  optical  parts  were  furnished 
by  Alvan  Clark  &  Sons,  of  Cambridgeport, 
Massachusetts. 

These  instruments  were  installed  in  what  is 
commonly  called  the  Students'  Observatory',  a 
small  building  of  three  rooms,  an  entrance,  a 
transit  room,  and  an  equatorial  room,  situated 
about  a  hundred  feet  southeast  of  the  main  build- 
ing. They  remained  in  this  location  until  1908, 
when,  to  make  room  for  the  large  reflecting 
telescope,  which  now  occupies  this  site,  the  Stud- 
ents' Obsers-atory  was  moved  to  a  new  location, 
about  three  hundred  feet  west  of  the  principal 
building. 

Six-Inch  Equatorial.  The  six-inch  equatorial 
has  a  substantial  iron  pier  resting  on  a  concrete 
foundation,  steel  tube,  means  of  adjustment  in 
altitude  and  azimuth,  finder,  slow  motions  in 
right  ascension  and  declination,  driving  clock, 
and  position  filar  micrometer  with  electrically 
illuminated  threads.  The  value  of  one  revolution 
of  the  micrometer  screw,  as  derived  by  observa- 
tions of  transits  of  Polaris,  is: 

7?  =  42".8oi. 

A  new  driving  clock,  of  the  double  conical 
pendulum  type,  and  a  new  worm  and  wormwheel, 
were  added  to  the  six-inch  telescope  at  the  time 
of  its  removal.  These  improvements  were  de- 
signed by  Dr.  R.  H.  Curtiss,  and  constructed  in 
the  Observatory  Shop  by  Mr.  Henry  J.  Colliau. 
Slow  motion  in  right  ascension  was  provided  by 
inserting  differential  gears  between  the  clock 
train  and  the  worm.  These  are  operated  by 
means  of  a  small  electric  motor,  controlled  by  a 
switch  at  the  eye  end  of  the  instrument. 

A  camera  has  been  attached  to  this  telescope 
for  photographing  comets.  It  has  a  Bausch  & 
Lomb-Zeiss  Tessar  lens,  of  4.44  inches  aperture 
and  19.5  inches  focal  length.  When  used  for 
photographic  purposes,  the  six-inch  telescope  be- 
comes a  finder,  the  guiding  being  done  by  means 
of  the  electrically  illuminated  threads  of  the  mi- 
crometer. For  very  faint  comets,  the  guiding 
is  sometimes  done  on  stars,  in  which  case  the 
micrometer     wires     are     moved     systematically 


UNIVERSITY  OF  MICHIGAN 


throughout  the  exposure  to  correspond  to  the 
rate  of  movement  of  the  comet,  the  motion  in 
declination  being  made  by  a  proper  setting  of  the 
micrometer  in  position  angle. 

Three-Inch  Transit  Instrument.  This  instru- 
ment is  mounted  in  the  meridian  and  has  been 
used  extensively  for  purposes  of  instruction.  It 
is  well  suited  to  the  training  of  students  in  the 
fundamental  processes  of  meridian  work,  such 
as  the  determination  of  time,  latitude,  longitude, 
and  instrumental  constants. 

The  instrument  has  an  iron  base  and  standards, 
and  rests  on  a  concrete  foundation.  It  has  a 
clear  aperture  of  three  inches  and  a  focal  length 
of  46  inches.  It  is  provided  with  reversing  ap- 
paratus, setting  circles  on  the  axis  reading  to 
10,"  zenith  and  striding  levels,  and  a  micrometer 
which  may  be  rotated  about  the  axis, 
through  90°,  between  adjustable  stops.  By  rea- 
son of  this  rotation,  the  movable  micrometer 
thread  may  be  used  either  as  a  transit  thread, 
or  for  the  measurement  of  zenith  distances.  The 
sensitive  zenith  level  is  mounted  on  the  setting 
circle,  and  has  a  clamp  and  tangent  screw  attached 
so  that  it  may  be  set  in  any  position.  By  reason 
of  these  arrangements,  the  instrument  is  suited 
to  the  determination  of  latitude  by  Talcott's 
method.  From  observations  of  138  pairs  of 
stars,  by  this  method,  made  between  October  6, 
1886  and  February  9,  1887,  Dr.  Ludovic  Estes, 
determined  the  latitude  of  the  Observatory,  with 
the  result 

<P  —  -\-  42°  16'  48".66  ±  o".05i, 

referred  to  the  latitude  of  the  meridian  circle. 

The  value  of  one  revolution  of  the  micrometer 
screw  of  this  instrument  is 

R    =  45".03i  =  3'.002. 

The  value  of  one  division  of  the  striding  level 
is  2."750^o'.i83,  and  that  of  the  zenith  level 
o."8o7. 

SEISMOLOGICAL  EQUIPMENT. 
Seismoscopes.  During  Professor  Harrington's 
administration  of  the  Observatory  two  small 
seismoscopes  were  obtained.  One  of  them  was 
mounted  on  the  sub  pier  of  the  Meridian  Circle 
and  the  other  on  the  pier  in  the  house  intended 
for  the  transit  of  Mercury  observations.    These 


instruments  were  intended  only  to  indicate  the 
existence  of  seismic  disturbances,  without  giving 
any  other  records  of  them  than  the  times  of  their 
occurrence.  Each  of  these  instruments  consists 
essentially  of  a  vertical  pendulum,  hinged  freely 
near  its  lower  end,  where  it  carries  a  small 
steady  mass ;  and  a  light  lever  whose  longer  arm 
terminates  in  a  point  and  is  so  bent  that  it  can 
be  adjusted  to  rest  lightly  upon  the  upper  pointed 
end  of  the  pendulum.  By  the  action  of  the  shock 
this  adjustment  was  disturbed,  and  the  lever,  by 
altering  its  position,  through  mercury  contacts, 
closed  an  electric  circuit,  which  was  arranged  to 
stop  a  clock. 

A'czi}  Equipment.  In  August,  1909,  a  set  of 
modern  seismographs  was  installed  in  one  of  the 
basement  rooms  of  the  new  building.  The  in- 
struments include  two  Strassburg  tromometers, 
of  the  Bosch-Omori  pattern,  a  Wiechert  astatic 
horizontal  seismograph,  of  two  components,  and 
a  Wiechert  vertical  seismograph. 

These  instruments  rest  upon  a  concrete  pier, 
bedded  in  hard  clay.  It  is  impracticable  here,  on 
account  of  the  region  being  covered  with  a  thick 
layer  of  glacial  drift,  to  carry  the  pier  down  to  a 
rock  foundation.  The  pier  is  isolated  from  the 
floor  of  the  room  and  the  walls  of  the  building, 
by  having  a  free  space  entirely  around  it,  a  few 
inches  in  width,  extending  down  to  a  depth  of 
about  three  feet. 

All  of  these  instruments  have  mechanical  regis- 
tration on  smoked  paper.  A  single  clock,  located 
in  the  clock  room,  working  through  a  relay, 
furnishes  the  time  record  of  hours  and  minutes 
on  all  the  sheets  simultaneously. 

The  Strassburg  Tromometers.  A  modern 
seismograph  consists  essentially  of  a  supporting 
pier,  a  pendulum  which  may  be  either  vertical  or 
horizontal  and  whose  weight  is  called  the  "steady 
mass,"  and  some  means  of  recording  the  move- 
ment of  the  pendulum  relative  to  the  earth  and 
the  times  of  occurrence  of  such  movements. 

The  so-called  Strassburg  tromometer  is  a 
seismograph,  having  a  horizontal  pendulum,  made 
by  Messrs.  J.  &  A.  Bosch,  of  Strassburg,  Ger- 
many, according  to  the  designs  of  the  eminent 
Japanese  seismologist.  Dr.  Omori.  It  has  a 
steady  mass  of  two  hundred  and  twenty  pounds, 
suspended  in  such  a  manner  that  it  is  free  to 
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move  ill  a  Iiorizontal  plane.  A  light  trussed  rod 
is  fastened  to  the  steady  mass  on  the  side  opposite 
the  supporting  pier,  and  the  outer  end  of  this 
rod  is  pivoted  lightly  to  the  shorter  arm  of  a 
magnifving  lever  whose  longer  arm  carries  the 
writing  point.  A  cylinder  carrying  a  sheet  of 
snicked  paper  is  kept  in  continuous  movement  by 
clock  work,  controlled  by  a  governor  of  the 
double  conical  pendulum  type.  The  friction  of 
the  writing  point  and  of  the  pivot  of  the  magni- 
fying lever  is  not  large,  and  when  in  adjustment 
the  instrument  is  extremely  sensitive  and  gives 
good  records  even  of  very  distant  disturbances. 
The  instrument  is  provided  with  air  damping 
mechanism. 

In  the  installation  of  these  instruments,  the 
plane  of  suspension  of  one  of  them  was  made 
to  coincide  with  the  plane  of  the  meridian,  and 
that  of  the  other  with  the  prime  vertical.  They 
register,  therefore,  the  east-west  and  north-south 
components,  respectively,  of  earthquake  distur- 
bance. 

Wicchcrt  Horizontal  Seismograph.  This  in- 
strument has  an  inverted  vertical  pendulum,  an 
air  damping  device,  and  recording  mechanism. 
The  pendulum  has  a  steady  mass  of  two  hun- 
dred and  twenty  pounds,  which  is  carried  at  its 
upper  end,  about  forty  inches  above  its  support. 
It  is  supported  at  its  lower  end  by  two  pairs  of 
flexible  steel  bands,  set  at  right  angles  to  each 
other,  in  such  a  way  that  the  pendulum,  when 
disturbed,  is  free  to  move  a  limited  amount  about 
any  horizontal  axis  passing  through  this  support. 
Two  thrust  arms  are  connected  with  the  steady 
mass,  at  right  angles  to  each  other,  one  in  the 
north-south  and  the  other  in  the  east-west  di- 
rection. These  arms  are  connected  with  alumi- 
num levers,  which  in  turn  are  pivoted  to  the  air 
damping  devices  and  to  the  magnifying  and 
writing  mechanism.  The  levers  are  so  arranged 
that  both  components  of  disturbance  are  recorded 
side  by  side  on  the  same  sheet.  The  air  damp- 
ing device  consists  of  a  light  piston  working 
closely  in  a  brass  cylinder,  and  is  regulated  by 
partially  opening  or  closing  a  tube  which  con- 
nects the  two  ends  of  the  cylinder.  The  damping 
may  be  cut  off  entirely  or  varied  to  any  extent 
up  to  complete  aperiodicity. 

The  magnification  of  the  instrument  mav  be 


varied  from  40  to  160  times,  and  the  period  of 
oscillation  from  four  to  twelve  seconds.  By  the 
use  of  steel  bands  for  the  supports  much  friction 
has  been  avoided,  and  that  of  the  writing  points 
and  pivots  has  been  reduced  to  a  very  small 
amount.  The  record  of  the  clock  signals  for 
minutes  and  for  hours  is  made  by  the  writing 
point  itself;  when  contact  is  made  it  is  drawn 
aside  for  the  moment  by  the  action  of  an  electro- 
magnet. 

IVicchert  Vertical  Seismograph.  This  instru- 
ment has  a  stationary  mass  of  about  one  hundred 
and  seventy-five  pounds,  placed  at  one  end  of  a 
horizontal  beam,  which  is  pivoted  at  the  other 
end  and  is  supported  near  its  center  by  a  strong 
spiral  steel  spring.  This  spring  is  suspended 
from  one  end  of  a  lever  whose  fulcrum  rests 
upon  the  top  of  a  gridiron  column,  made  of  zinc 
and  steel  rods,  in  the  same  manner  that  pendu- 
lums for  clocks  are  sometimes  constructed.  The 
strength  of  the  spring  varies  with  changes  of 
temperature  and  compensation  is  necessary  to 
prevent  displacements  of  the  writing  point,  cor- 
responding to  variations  of  temperature.  The 
gridiron  column  is  intended  to  furnish  the  re- 
quired compensation.  In  order  that  the  injuri- 
ous efifects  of  rapid  changes  of  temperature  may 
be  diminished  as  far  as  possible,  the  spring  is 
enclosed  in  a  wooden  box  and  the  entire  upper 
part  of  the  instrument  is  further  enclosed  in  a 
double  wooden  case,  having  an  air  space  between 
its  layers. 

An  arm  attached  to  the  horizontal  lever  which 
carries  the  steady  mass  is  pivoted  to  a  double 
aluminum  lever  which  connects  with  the  air 
damping  device  and  with  the  recording  mechan- 
ism. The  damping  device  is  similar  to  that  of  the 
Wiechert  horizontal  seismograph.  The  period 
of  the  instrument  is  about  six  seconds  and  the 
magnification  may  be  varied  from  forty  to  one 
hundred  and  sixty  times.  The  record  is  made 
on  a  horizontal  cylinder  carrying  a  sheet  of 
smoked  paper,  and  the  writing  point  is  also  used 
to  mark  the  minutes  and  hours. 

The  Weichert  seismographs  were  made  by 
Messrs.  Spindler  &  Hoyer,  of  Gottingen,  Ger- 
many. 

The  Rossi-Forcl  Scale  of  Earthquake  Intensi- 
ties.    This  scale  is  extensively  used  for  indicat- 
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ing  the  intensities  of  earthquake  shocks,  and  for 
convenience  of  reference,  we  quote  it  here  in  the 
form  given  in  the  Bulletin  of  the  Seismological 
Society  of  America. 

I.  AIiCKOSEiSMic  shock:  recorded  by  a  sin- 
gle seismograph  or  by  seismographs  of  the  same 
model,  but  not  by  several  seismographs  of  differ- 
ent kinds;  the  shock  felt  by  an  experienced  ob- 
server. 

II.  Extremely  feeble  shocks:  recorded  by 
several  seismographs  of  different  kinds ;  felt  by  a 
number  of  persons  at  rest. 

III.  Very  feeble  shock:  felt  by  persons  at 
rest ;  strong  enough  for  the  direction  and  dura- 
tion to  be  appreciable. 

IV.  Feeble  shock:  felt  by  persons  in  mo- 
tion; disturbances  of  movable  objects,  doors, 
windows;  creaking  of  ceilings. 

^'.  Shock  of  moder.'VTE  intensity  :  felt  gen- 
erally by  everyone;  disturbance  of  furniture, 
beds,  etc.,  ringing  of  swinging  bells. 

VI.  Fairly  strong  shock:  general  awaken- 
ing of  those  asleep,  general  ringing  of  house 
bells ;  oscillation  of  chandeliers ;  stopping  of  pen- 
dulum clocks;  visible  agitation  of  trees  and 
shrubs ;  some  startled  persons  leave  their  dwell- 
ings. 

VII.  Strong  shock:  overthrow  of  movable 
objects;  fall  of  plaster;  ringing  of  church  bells; 
general  panic,  wdthout  damage  to  buildings. 

VIII.  Very  strong  shock  :  fall  of  chimneys, 
cracks  in  walls  of  buildings. 

IX.  Extremely  strong  shocks:  partial  or 
total  destruction  of  buildings. 

X.  Shock  of  extreme  intensity  :  great  dis- 
aster, buildings  ruined,  disturbance  of  the  strata, 
fissures  in  the  ground,  rock-falls  from  mountains. 

THE  OBSERVATORY  SHOP. 

A  modern  Observatory  makes  many  demands 
upon  the  Instrument  Maker.  New  instruments 
must  be  installed ;  old  instruments  must  be  cared 
for  and  kept  in  a  reasonable  state  of  efficiency; 
auxiliary  apparatus  must  be  fitted  to  existing  in- 
struments and  adapted  to  new  needs ;  new  forms 
of  apparatus  must  be  created  for  special  investi- 
gations, and,  from  time  to  time,  modified  to  meet 
the  requirements  of  research.    So  numerous  and 


varied  are  these  demands  that  an  Instrument 
Shop  has  become  a  necessary  adjunct  to  a  modern 
observatory.  This  is  particularly  true  when  as- 
trophysical  work  is  being  done,  where  many  ex- 
periments must  be  tried,  and  where  special  forms 
of  apparatus  are  to  be  prepared  under  the  im- 
mediate supervision  of  the  experimenter. 

On  taking  charge  of  this  Observatory  in  Octo- 
ber, 1905,  I  saw  at  once  that  extensive  alterations 
would  be  required  to  put  the  instruments  which 
it  then  possessed  in  a  satisfactory  condition  for 
modern  work;  and  that  new  and  more  powerful 
instruments,  with  much  auxiliary  apparatus, 
would  have  to  be  added,  to  enable  the  Observa- 
tory to  undertake  any  investigations  in  the  im- 
portant department  of  astrophysics.  According- 
ly, upon  my  recommendation,  by  the  action  of  the 
Board  of  Regents,  in  November,  1905,  an  Ob- 
servatory Shop  was  established,  for  the  repair 
and  construction  of  instruments. 

In  the  beginning,  it  was  expected  that  the  prin- 
cipal work  of  this  shop  would  consist  in  making 
the  lighter  repairs  to  the  instruments  which  the 
Observatory  then  had,  and  in  constructing  the 
auxiliary  apparatus  which  would  be  needed  in 
connection  with  them.  It  was  accordingly  fitted 
with  excellent  tools  of  moderate  size,  which  have 
been  in  nearly  constant  use  since  their  installa- 
tion. But,  after  a  time,  it  was  found  desirable  to 
proceed  to  larger  constructions  than  were  orig- 
inally contemplated,  and  to  meet  the  increased 
demands,  the  shop  space  was  enlarged  and  some 
additional  machines  obtained.  At  present  the 
shop  has  two  rooms,  one  18  x  18  feet,  and  the 
other  18x46  feet,  \v4th  the  following  equipment 
of  power  machine  tools : 

I  Pratt  &  Whitney  Toolmakers'  Lathe,  10- 
inch  swing,  29  inches  between  centers,  with  full 
complement  of  chucks  and  tools. 

I  Hendey  Machine  Company  Lathe,  24-inch 
swing,  16  foot  bed,  11  feet  between  centers,  with 
full  complement  of  chucks  and  tools. 

I  Brown,  &  Sharpe  Universal  Milling  Ma- 
chine, No.  15^,  with  slotting  and  vertical  mill- 
ing attachments,  with  arbors,  cutters  and  tools. 

I  Potter  &  Johnston  Universal  Shaper,  24- 
inch. 

I  Cincinnati  Milling  Machine  Company's  Un- 
iversal Tool  Grinder,  No.  i,  with  all  attachments. 
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1   Barnes  Drill  Press,  20-inch. 

I   Bench  Drill  Press. 

I  General  Shop  Grinder. 

In  addition  to  the  machine  tools  enumerated 
above,  the  Shop  is  supplied  with  a  forge  and  a 
full  complement  of  hand  tools,  such  as  are  need- 
ed for  accurate  instrument  work,  and  also  with 
appliances  for  handling  the  large  forgings  and 
castings  which  are  now  being  machined  as  parts 
of  the  twenty-four-inch  Lamont  refractor. 

The  Hendey  lathe  and  the  Potter  &  Johnston 
shaper  were  presented  to  the  Observatory,  in 
1910,  by  Mr.  R.  P.  Lamont  of  Chicago. 

The  Observatory  has  profited  in  its  larger  con- 
structive operations  by  the  courtesy  of  the  Dean 
of  the  Engineering  Department  and  the  Superin- 
tendent of  the  Engineering  Shops,  who  have 
placed  their  large  tools  at  the  disposal  of  the  Ob- 
servatory Instrument  Makers,  thereby  enabling 
them  to  handle  larger  work  than  otherwise  would 
have  been  possible. 

The  Observatory  Shop  has  been  taxed  to  its 
utmost  capacity  from  the  time  of  its  foundation. 
Heavy  duties  have  been  laid  upon  it  by  the  many 
repairs  and  smaller  pieces  of  woric  which  have 
been  undertaken ;  by  the  very  general  reconstruc- 
tion of  the  six-inch  and  twelve-inch  refractors ; 
by  the  design,  construction,  and  erection  of  the 
thirty-seven  and  one-half  inch  reflector ;  by  the 
completion  of  the  stellar  spectroscope,  with  its 
carrying  frame  and  temperature  case;  by  the  in- 
stallation of  apparatus  in  the  new  building;  and 
by  the  work  now  in  progress;  viz.,  the  construc- 
tion of  two  special  engines  for  the  measurement 
of  celestial  photographs,  and  the  design  and  con- 
struction of  the  twenty-four-inch  Lamont  re- 
fracting telescope. 

In  the  six  years  since  its  establishment,  six 
Instrument  Makers  have  been  employed  in  the 
Observatory  Shop,  usually  three  or  four  at  a 
time. 

Mr.  E.  J.  Madden  was  first  appointed.  He  be- 
gan work  in  January,  1906,  and  remained  until 
June,  1908.  In  this  interval,  in  addition  to  many 
miscellaneous  duties,  he  organized  the  Observa- 
ton>'  Shop,  constructed  the  tube  and  driving  clock 
for  the  twelve-inch  telescope,  made  the  prelim- 
inary drawings  for  the  large  reflecting  telescope, 
and  constructed  the  driving  clock  and  portions  of 


the  north  and  south  piers  for  this  instrument.  In 
the  work  upon  this  telescope,  he  was  assisted  by 
his  brother,  Mr.  Thomas  Madden,  from  May, 
1907,  to  April,  1908. 

Mr.  Henry  J.  Colliau  came  to  the  Observatory 
in  January,  1907  and  his  brother,  Mr.  Emile  Col- 
liau, in  August  of  the  same  year.  They  have 
since  been  constantly  employed  here  and  have 
taken  a  conspicuous  part  in  the  production  and 
installation  of  the  equipment  of  the  Observatory. 
It  is  not  possible  to  notice  in  detail  the  many 
pieces  of  work  which  they  have  carried  to  suc- 
cessful completion.  It  should  be  mentioned,  how- 
ever, that  they  have  constructed  many  of  the 
parts  of  the  large  reflecting  telescope,  and,  aided 
by  Mr.  Henry  Larmee,  who  has  been  working 
with  them  since  March,  1909,  they  have  complet- 
ed this  large  instrument,  erected  it  in  its  dome, 
and  put  it  in  complete  working  order,  without 
the  necessity  of  calling  in  outside  assistance. 

During  the  past  two  years  a  large  part  of  their 
time  has  been  devoted  to  the  miscellaneous  acces- 
sories of  this  instrument  and  to  the  construction 
of  the  twenty-four-inch  Lamont  refractor. 

Mr.  E.  P.  Pegg  was  employed  as  an  instru- 
ment maker  at  the  Observatory  for  six  months, 
in  1907,  and  with  Mr.  Henry  J.  Colliau,  did  much 
of  the  reconstruction  of  the  twelve-inch  refrac- 
tor. 

All  the  detailed  drawings  required  for  shop 
use  have  been  made  at  the  Observatory,  under 
my  supervision.  The  original  design  for  the 
large  reflecting  telescope,  exhibiting  many  of  the 
features  of  the  instrument  as  it  exists  today,  was 
redrawn  by  ]\Ir.  James  H.  Marks,  who  with  his 
assistants  completed  it  in  nearly  all  its  details 
and  embodied  numerous  modifications  which, 
after  careful  study,  it  seemed  desirable  to  make. 
He  also  prepared  the  drawings  and  specifications 
for  the  contract  work  on  the  instrument,  and  did 
much  of  the  supervision  of  the  work  in  the  shop. 
All  the  details  of  the  spectroscopic  and  electrical 
equipments  have  been  planned  by  Dr.  Curtiss  and 
the  success  of  the  instrument  in  these  respects  is 
due  to  him. 

The  twenty-four  inch  Lamont  refractor  has 
been  designed  and  developed  in  all  its  details  by 
Mr.  S.  P.  Langley,  who  has  also  had  the  super- 
■^-ision  of  its  construction  in  the  Shop. 


34 


UNR^ERSITY  OF  MICHIGAN 


IJBRARY. 

The  West  ^^'ing  of  the  main  building  contains 
the  Observatory  Library.  It  has  about  twenty- 
seven  hundred  bound  vohunes  and  several  hun- 
dred unbound  books  and  pamphlets.  It  is  com- 
posed almost  entirely  of  technical  works  on 
Astronomy.  It  has  nearly  complete  sets  of  the 
more  important  astronomical  periodicals,  the 
publications  of  the  leading  observatories  and 
astronomical  societies,  and  tlie  principal  treatises 
on  theoretical  and  practical  astronomy  and 
astrophysics.  The  collection  of  star  catalogues 
is  large. 

This  is  a  department  library,  and  does  not  at- 
tempt to  duplicate  the  works  found  in  libraries  of 
other  departments,  or  those  contained  in  the 
General  Library  of  the  University.  It  does  not, 
therefore,  contain  many  books  on  pure  mathem- 
atics, physics,  chemistry,  meteorology,  etc.,  nor 
the  proceedings  of  learned  societies  of  a  general 
character.  Such  works  are  naturally  to  be  found 
in  the  General  Library  or  in  other  department  li- 
braries, and  when  they  are  contained  in  such  col- 
lections they  are  readily  available  for  reference. 

METEOROLOGICAL  OBSERVATIONS. 

Regular  meteorological  observations  were  be- 
gim  at  the  Observatory  in  1881  and  have  been 
continued  without  interruption  since  that  date. 
From  1881  to  1904  inclusive  the  obser\-ations 
were  made  at  7  :oo  a.  m.,  2  :oo  p.  m.,  and  9  :oo 
p.  m.,  as  was  done  at  all  stations  which  were 
furnishing  data  during  that  period  for  the  Michi- 
gan State  Board  of  Health.  This  Board  dis- 
continued the  collection  of  meteorological  infor- 
mation in  1905,  and  since  then  the  observations 


here  have  been  made  at  7:00  a.  m.  and  7:00  p. 
m.,  the  hours  adopted  for  making  the  observa- 
tions by  the  United  States  Weather  Bureau. 

At  present  the  observations  made  include  the 
following:  Atmospheric  pressure,  as  determined 
by  the  standard  mercurial  barometer ;  air  tempera- 
ture, from  properly  exposed  mercurial  thermo- 
meters; direction  and  velocity  of  wind,  from  wind 
vane  and  anemometer;  precipitation  and  cloudi- 
ness. Continuous  instrumental  records  are  also 
obtained  of  the  velocity  of  the  wind,  as  recorded 
by  the  anemometer;  of  the  air  temperature  by 
a  Richard  thermograph;  of  the  relative  humidity 
by  a  Richard  hygrograph  and  of  the  atmospheric 
pressure  by  a  Richard  aneroid  barograph. 

Public  Scrznce.  From  1881  to  1904  inclusive, 
the  meteorological  results  obtained  at  this  obser- 
vatory were  communicated  at  the  end  of  each 
month  to  the  Michigan  State  Board  of  Health, 
for  use  in  their  investigations.  In  1905  this 
Board  ceased  to  collect  information  relative  to 
the  meteorological  conditions  within  the  state, 
the  work  being  fully  covered  by  the  United  States 
Weather  Bureau. 

The  observations  of  this  observatory  have  been 
regularly  furnished  the  United  States  Weather 
Bureau,  at  the  end  of  each  month,  and  are  now 
sent  to  the  central  station  at  Grand  Rapids. 

From  April  i  to  Septemer  30  of  each  year,  the 
morning  observations  are  telegraphed  at  7  :oo  a. 
m.,  to  the  United  States  Weather  Bureau  Station 
at  Chicago,,  for  the  use  of  the  Corn  and  Wheat 
Section  of  that  Bureau.  Observations  are  also 
sent  each  morning  by  post  card  to  the  Ann  Arbor 
Times-News,  for  publication  in  its  columns. 
Mav,  1900. 
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THE  SINGLE-PRISM  SPECTROGRAPH  OF  THE  DETROIT 
OBSERVATORY. 

By  RALPH  H.  CURTISS. 


The  successful  application  of  the  single-prism 
spectrograph  of  the  Lick  Observatory  to  the  study 
of  the  spectra  of  relatively  faint  Cepheid  varia- 
bles led  the  writer,  in  1905,  to  recommend  a  pro- 
gram of  low  dispersion  radial  velocity  work  in 
connection  with  the  Keeler  Memorial  Reflector 
of  the  Allegheny  Observatory.  The  spectra  of 
so-called  early  type,  containing  broad  diffuse 
lines,  seemed  particularly  adapted  to  study  with 
a  spectrograph  of  low  dispersion.  This  class  of 
stars  alone,  comprising  as  it  does  the  short 
period  Algol  stars  available  for  such  studies  as 
well  as  numerous  other  exceptional  objects  of 
great  interest,  promised  a  rich  field  for  investi- 
gation. A  year  and  a  half  later,  though  this  do- 
main of  astrophysics  had  been  entered  by  sever- 
al nev/  investigators,  the  problems  involved  seem- 
ed even  more  pressing  and  no  hesitation  was  felt 
in  deciding  upon  a  prosrram  of  low  dispersion 
quantitative  and  qualitative  spectrograph ic  work 
in  connection  with  the  then  projected  reflecting 
telescope  of  the  Observatory  of  the  University 
of  Michigan. 

In  March,  1907,  Professor  Hussey  placed  the 
order  for  the  new  spectrograph  with  the  John  A. 
Brashear  Company  of  Pittsburgh,  Pennsylvania. 
This  order  specified  an  instrument  of  the  same 
general  type  as  that  of  the  Mellon  Spectrograph 
of  the  Allegheny  Observatory,  with  such  changes 
as  the  writer  might  specify.  These  changes  were 
embodied  in  an  entirely  new  set  of  drawings  of 
which  those  for  the  brass  box  or  spectrograph 
proper  were  submitted  to  the  John  A.  Brashear 
Company  and  were  adapted  to  shop  use.  That  the 
work  of  this  firm  was  excellently  done  need  not 
be  said.  The  spectrograph  box  complete  with 
optical  parts,  slit-head,  comparison  apparatus, 
plate  holders,  thermostat  and  thermometers,  was 
delivered  in  Ann  Arbor,  in  January,  1909. 

Investigations  of  the  optical  parts  and  mechan- 
ical construction  were  immediately  undertaken 
ind  the  results  were  embodied  in  papers  read 


before  the  Astronomical  and  Astrophysical  So- 
ciety of  America  in  the  following  August.  These 
results  also  appear  in  this  volume.  With  the  suc- 
cessful termination  of  these  investigations  it  be- 
came possible  to  complete  the  design  for  the  sup- 
porting trus',  constant  temperature  case,  and 
guiding  microscope,  and  by  special  arrangement 
with  the  John  A.  Brashear  Company  these  were 
constructed  from  our  designs  in  the  Instrument 
Shop  of  this  Observatory. 

With  the  completion  of  the  large  reflecting 
telescope  the  spectrograph  went  into  use,  the  first 
spectrogram  being  made  early  in  191 1.  A  regular 
program  was  begun  in  the  following  May,  yield- 
ing exposures  on  stellar  spectra  numbering  si.x 
hundred  and  fifty  to  the  first  of  June,  1912,  suffi- 
cient to  give  assurance  of  the  success  of  the  in- 
strument. 

DESIGN. 

The  stellar  spectrographs  of  the  present  time 
may  be  considered  in  two  general  classes  accord- 
ing to  the  type  of  mechanical  construction  em- 
ployed. In  the  first  type  the  supporting  system 
and  the  spectrograph  proper  form  a  single  unit 
in  the  form  of  a  cantilever  beam.  This  type  of 
spectrograph  seems  relatively  more  liable  to 
llexure  displacement  of  spectral  lines  at  the 
camera  focus  and  is  not  as  adaptable  as  possible 
to  temperature  control.  In  the  second  type  of 
stellar  spectrograph  the  optical  parts,  slit  head 
and  plate  holder  are  combined  in  one  distinct 
unit,  forming  the  spectrograph  proper ;  this  to  be 
carried,  with  every  essential  provision  for  rela- 
tive motion,  by  an  independent  truss  or  support- 
ing cradle,  in  position  at  the  focus  of  the  tele- 
scope. In  this  type  of  instrument  flexure  effects 
are  readily  controlled  and  the  construction  and 
support  of  the  temperature  case  is  facilitated. 
This  second  tj^pe  of  spectrograph  originated  at 
the  Lick  Observatory  and,  as  developed  by 
Wright,  is  represented  well  in  the  Southern 
ilills'  Spectrograph,  used  in  Chile  by  its  designer 
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and  described  in  \'olume  IX  of  the  Publications 
of  the  Lick  Observatory.  A  second  instrument 
built  upon  this  principle,  but  embodpng  new  ideas 
of  Campbell  and  Wright,  was  completed  at  the 
Lick  Observator}-  in  1902,  and  immediately  sup- 
planted the  original  Mills  spectrograph,  as  the 
chief  observing  instrument  for  the  extensive 
radial  velocity  programs  of  the  Lick  Observatory. 
It  was  this  instrument  which  served  as  a  proto- 
type for  the  single-prism  spectrographs  which 
have  recently  been  constructed  at  Allegheny, 
Ottawa,  and  Ann  Arbor. 

The  Mellon  Spectrograph  of  the  Allegheny 
Observatory  was  the  first  permanent  single-prism 
instrument  of  this  type.  In  it  were  embodied  the 
writer's  ideas,  as  gained  during  several  years' 
work  at  the  Lick  Observatory  and  as  developed 
under  the  supervision  of  Professor  F.  Schlesin- 
ger.  But  aside  from  the  modifications  neces- 
sary to  adapt  the  construction  of  the  New  Mills 
Spectrograph  to  the  requirements  of  the  single- 
prism  type,  no  important  new  features  were  in- 
troduced in  the  design. 

The  success  of  the  Mellon  Spectrograph  in  its 
particular  field  needs  no  further  demonstration. 
To  the  writer  no  far  reaching  measure  toward 
improvement  in  its  mechanical  construction  seems 
obvious.  But  upon  considering  possible  modifi- 
cations for  a  larger  and  heavier  instrument  for 
this  Observatory,  several  changes,  partly  expe- 
rimental, seemed  worthy  of  adoption  largely  on 
the  basis  of  experience  with  the  Allegheny  in- 
strument. 

SINGLE-PRIS-M  SPECTROGRAPH  OF 
THIS  OBSERVATORY. 

In  the  design  of  the  moving  spectrograph  in- 
tended for  quantitative  work  on  stellar  spectra 
at  the  University  of  Alichigan,  the  chief  desider- 
ata in  view  aside  from  "identity  of  source,"  were 
excellence  of  definition  over  a  large  region  of 
the  spectrum,  light  efficiency,  invariability  of  po- 
sition of  photographic  images  on  the  plate  during 
exposures,  and  convenience  of  manipulation.  It 
was  intended  to  sacrifice  dispersion  and  resolv- 
ing power  only  so  far  as  necessary  to  the  fur- 
therance of  the  above  ends,  keeping  in  view  the 
requirements  prescribed  by  the  nature  of  the  in- 
vestigations intended. 


THE  OPTICAL  PARTS. 

In  selecting  optical  parts  with  the  above  con- 
siderations in  view  there  was  no  hesitancy  in 
adopting  the  Hastings-Brashear  Single  Material 
Camera  Doublet,  as  tested  successfully  at  Ottawa. 

The  prism  of  0:i02  glass  was  selected  at  once, 
but  the  Isokumat  Collimator  Lens  was  taken  on 
trial,  because  of  the  well-known  strong  light  ab- 
sorption of  one  of  the  elements  of  this  lens. 

THE    COLLIMATOR    LENS. 

The  dimensions  and  focal  lengths  of  the  optical 
parts  represent  a  compromise  between  consider- 
ations of  dispersion  and  resolving  power  on  the 
one  hand,  and  of  light  efficiency  and  compactness 
on  the  other.  The  Isokumat  Collimator  Lens  has 
an  aperture  of  36.6  mm.  (1.43  inches)  and  a  fo- 
cal length  for  H/3  light  of  686  mm.  (27  inches). 

THE  PRISM. 

The  prism  is  constructed  of  0:i02  glass,  bear- 
ing the  number  0.3732.  The  makers'  indices  of 
refraction  are  as  follows:  1.6413  for  Ha  (A  = 
6563.1  A),  1.6467  for  D  (A=  5893.2  A),  and 
1.6603  for  H|8  (A.  =  4861.5  A).  On  the  basis 
of  these  indices  the  constants  of  a  Hartmann  in- 
terpolation formula  are  found  to  be  n^  =1.6113, 
Xo  =  2i85,  and  c=i3i.i7.  And  the  value  of 
the  index  of  refraction  for  A  ^4415  A  is  found 
to  be  1.6701  and  for  Hy  (A  =  4340.6  A),  1.6722. 
A  deviation  of  60°  for  Hy  light  having  been  de- 
termined upon,  the  refracting  angle  of  the  prism 
was  made  63°  36',  and  to  make  full  provision 
for  the  free  path  of  the  beam  the  height  of  the 
prism  was  made  43.2  mm.  (1.70  inches)  and  the 
length  of  the  refracting  faces,  74.4  mm.  (2.93 
inches).  The  proportion  of  Hy  light  transmitted 
by  this  prism,  not  considering  losses  by  reflec- 
tion, was  found  on  theoretical  grounds  to  be 
about  eighty-one  per  cent,  and  maximum  trans- 
mission was  secured  when  the  refracting  edge 
was  placed  three  fourths  of  a  millimeter  inside 
of  the  edge  of  the  beam.  In  actual  practice  the  re- 
fracting edge  of  the  prism  is  placed  about  one 
and  a  quarter  millimeters  inside  of  the  edge  of 
the  beam. 
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THE  CAMF.RA  LENS. 

The  camera  objective  is  a  Hastings-Brashear 
single  material  doublet  figured  on  the  basis  of  the 
Hartmann-Zeiss  homogeneous  doublet  of  1900. 
The  objective  of  sixteen  and  one-half  inches 
(420  mm.)  equivalent  focal  length,  consists  of 
two  lenses  of  light  crown  glass,  five  inches  apart, 
with  apertures  of  1. 75  inches  (44.4  mm.)  and 
2.75  inches  (69.8  mm.),  carried  in  a  bronze  c)l- 
inder  of  about  three  inches  outside  diameter.  The 
distance  from  the  front  lens  to  the  focus  is  about 
seventeen  and  one-half  inches  (444  mm.).  The 
inclination  of  the  focal  plane  to  the  axis  of  the 
lens  is  about  eighteen  degrees. 

When  used  in  connection  with  a  single  prism 
and  an  Isokumat  collimator  lens,  Plaskett  has 
found  this  lens  to  be  remarkably  free  from  spher- 
ical aberration  over  a  wide  range  of  its  unusually 
flat  focal  surface.  A  more  intensive  study  has 
been  attempted  here,  in  order  that  every  possi- 
bility of  this  particular  lens  might  be  realized,  and 
the  methods  and  results,  the  latter  on  a  readily 
interpretable  scale,  will  be  useful  to  those  con- 
templating optical  parts  of  this  kind. 

In  testing  this  combination  the  collimator  fo- 
cus for  Hj8  light  was  first  determined  by  Schus- 
ter's method.  Hj8  was  placed  at  minimum  devi- 
ation and  the  inclination  of  the  plate  holder  was 
adjusted  to  follow  closely  the  focal  curve.  For 
any  given  adjustment  of  the  optical  parts  the  ac- 
tual focal  curve  with  reference  to  the  plane  sur- 
face of  the  photographic  plate  was  determined  by 
making  eight  exposures  of  sky  spectra  side  by 
side  on  the  same  focus  plate.  Between  each  of 
these  exposures  the  camera  lens  was  moved 
along  its  axis  a  distance  of  0.2  mm  by  means  of 
a  screw  threaded  in  a  nut  fixed  rigidly  to  the  lens 
cell.  Each  plate  was  examined  under  a  micro- 
scope, and  for  a  large  number  of  groups  of 
Fraunhofer  lines,  throughout  the  spectrum,  es- 
timates were  made  of  the  camera  settings  which 
would  give  the  best  definition.  These  estimates 
of  camera  settings,  plotted  against  distances 
measured  along  the  spectrum,  furnish  for  any 
given  focus*  plate  the  focal  curve  or  curve  of 
best  focus  with  reference  to  the  plate  surface. 
This  method  avoids  some  objectionable  features 
of  extra  focal  observations  and  is  capable  of 
high  accuracy. 


The  plates  used  in  this  investigation  were 
Seed  23's,  Seed  Red  Label  Lantern  Slides  bath- 
ed in  Pinachrome,  and  Cramer  Spectrum  Process 
Plates.  The  range  of  spectrum  covered  was  from 
A  3830  A  to  A.  6000  A. 

In  the  manner  described  focal  curves  were  de- 
termined for  nine  different  cases,  as  shown  in 
Plate  VII,  involving  nine  diflferent  combinations 
of  collimator  and  prism  settings.  Three  settings 
of  the  collimator,  one-eighth  of  an  inch  outside 
and  the  same  distance  inside  of  the  H/3  setting 
and  the  H/3  setting  itself,  were  combined  sepa- 
rately with  three  prism  settings  at  minimum  de- 
viation for  A  3900,  H^  and  A  6500.  In  the  fig- 
ure the  first,  second  and  third  rows  of  curves 
correspond  to  minimum  deviations  for  the  rays, 
A  3900,  H^  and  A  6500  respectively.  The  first, 
second,  and  third  columns  correspond  to  colli- 
mator settings  one-eighth  of  an  inch  inside  of 
the  H^  setting,  the  H/3  setting,  and  one-eighth 
of  an  inch  outside  of  the  H/3  setting  respectively. 
Thus,  these  nine  cases  cover  all  possible  combi- 
nations that  might  be  advantageous  in  practice. 
From  them  it  is  possible  to  determine  the  best 
adjustment  of  the  optical  parts  for  the  greatest 
flatness  of  field. 

As  indicated  in  the  illustration,  the  horizontal 
spaces  correspond  to  0.2  mm.  measured  parallel 
to  the  optical  axis  of  the  camera  lens.  Wave 
lengths  are  indicated  in  the  upper  middle  curve. 

It  is  obvious  at  once  that  the  general  inclina- 
tion of  the  focal  curves  is  strongly  affected  by 
change  of  the  optical  adjustment;  but  since  the 
plate  holder  is  adjustable  to  any  inclination,  this 
does  not  concern  us  at  present.  We  are  inter- 
ested, however,  in  the  de\aation  of  the  curve 
from  a  straight  line,  for  this  is  the  measure  of  the 
departure  of  the  curve  from  flatness.  This  de- 
viation of  the  curve  from  a  straight  line  may  be 
investigated  over  either  a  given  range  of  spec- 
trum or  a  given  linear  distance  along  the  spec- 
trum. And  in  the  figure  the  full  lines  through 
each  curve  show  the  deviation  of  the  focal  curves 
from  a  straight  line  from  A  4000  to  A  5900. 
The  dotted  lines  e.xhibit  the  same  deviation  over 
a  range  of  thirtj'-four  millimeters  measured  from 
A  5900  toward  the  violet  end  of  the  spectrum. 

It  is  evident  at  once  that  the  deviations  for  the 
fixed  distance  of  thirty-four  millimeters  vary  but 
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little  for  all  nine  cases.  It  is  to  be  noticed,  how- 
ever, that  the  form  of  the  curve  on  the  end  of 
shorter  wave-lengths  differs  considerably  in  dif- 
ferent combinations,  seeming  to  diverge  faster 
for  longer  collimators  with  minimum  deviation 
settings  for  longer  waves.  But  curve  2  is  an  ex- 
ception, in  which  the  curvature  of  the  plate  sur- 
face is  probably  involved.  Again,  the  point  of 
maximum  deviation  from  the  plate  surface  seems 
to   shift   slisrhtlv   toward   the   red    for   minimum 


.surface  between  A  4000  and  a6oc)0  is  dependent 
upon  the  optical  adjustments.  For  the  longest 
collimator  the  flattest  curve  is  secured  with  a 
minimum  deviation  at  about  A  4700.  For  the  Hp 
collimator  setting  the  flattest  cur\'e  is  obtained 
with  A  4400  at  minimum  deviation,  and  for  the 
short  collimator  the  best  curve  is  obtained  with 
A  4100  at  minimum  deviation.  But  for  each 
length  of  collimator  the  best  curves  seem  to  be 
about  equally  good,  except  possibly  for  the  de- 
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PLATE  VIII.     rOC.\L  CURVES. 


deviation  settings  for  greater  wave-lengths.  And 
for  any  collimator  setting,  the  Hj8  minimum 
deviation  gives  a  curve  as  flat  as  or  flatter  than 
the  others  for  that  collimator  setting.  But  any 
one  of  the  three  collimator  settings  seems  to  give 
equally  good  curves  in  connection  with  Hj3 
minimum  deviation. 

In  the  more  important  case,  a  given  range  of 
wave  lengths  of  least  deviation  from  a  straight 
line,  is  required.  And  it  may  be  seen  at  once  that 
the  deviation  of  the  focal  curves  from  the  plate 


viation  in  the  ultra  violet.  Furthermore,  for  all 
these  curves  the  definition  at  focus  seems  about 
equally  good  on  all  plates,  being  free  from  ab- 
erration as  far  as  the  spectrum  is  registered. 

The  focal  curve  for  a  collimator  setting  at  the 
H/3  focus  with  the  prism  adjusted  for  minimum 
deviation  at  H;8  is  shown  in  detail  in  Fig.  2, 
Plate  \'III.  The  upper  cur\-e,  on  the  same  scale, 
is  that  of  a  Hasting's  triplet  in  combination  with 
a  collimator  doublet,  all  corrected  for  Hy  light. 

In  actual  practice  I  have  used  a  collimator 
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length  one  sixty-fourth  of  an  inch  shorter  than 
the  focal  distance  for  Hj8  light,  have  set  the  prism 
at  minimum  deviation  for  light  of  wave  length, 
A  4500  A,  and  have  inclined  the  plate  surface  to 
cover  a  range  of  spectrum  in  sharp  focus  from 
A  3900  to  X  6000. 

NEW  COLLIMATOR  LENS. 

As  soon  as  spectrograms  of  B  and  A  type  stars 
could  be  made  with  these  optical  parts  it  was 
noted  that  the  K  region  in  these  spectra  required 
for  its  clear  portrayal  about  twice  the  exposure 
used  for  the  region  about  A  4500.  This  unequal 
absorption  could  be  attributed  in  part  to  the  col- 
limator isokumat,  and  since  the  use  of  the  Hast- 
ings triplet  as  a  collimator  lens  in  combination 
with  the  single  material  doublet  promised  im- 
proved absorption  conditions  and  possibly  a  flat- 
ter focal  curve,  a  new  Hastings  triplet  was  im- 
mediately ordered  and  was  substituted  for  the 
collimator  Isokumat  in  ^lay  of  this  year. 

The  new  collimator  lens  has  essentially  the 
same  dimensions  as  the  old  one  and  is  corrected 
for  the  same  spectral  region.  In  both  directions 
in  which  improvement  was  hoped  for  the  results 
have  been  satisfactory.  In  the  region  of  the 
spectrum  above  A  4500  the  new  lens  is  noticeably 
more  transparent.  At  the  K  line  the  new  com- 
bination transmits  about  fift}'  per  cent  more  light 
than  the  old  one.  The  improved  flatness  of  the 
focal  curve  with  the  new  combination  is  par- 
ticularly striking.  Indeed  the  variation  of  the 
focal  cur\-e  from  perfect  flatness  under  these 
circumstances  is  so  slight  that  measurement  of 
this  deviation  becomes  quite  difficult.     In  Fig. 


3,  Plate  VIII,  the  focal  curve  depending  on  three 
independent  determinations  is  drawn  in  parallel 
with  the  curves  noted  above.  As  in  the  case  of 
the  combination  of  Isokumat  and  Single  Material 
Doublet  the  minimum  deviation  is  set  for  A  4500 
and  the  collimator  is  a  little  shorter  than  the 
focus  for  H^  light.  Whereas  \\'ith  the  combi- 
nation of  Isokumat  collimator  lens  and  single 
material  doublet  the  deviation  of  the  focal  curve 
between  A  3700  and  A  5900  from  a  plane  plate 
surface  is  nowhere  greater  than  0.07  mm.,  with 
the  iiciv  combination  this  deviation  is  nowhere 
greater  than  0.025  mm.  and  from  A  4200  to 
A  5900  no  certain  deviation  of  the  focal  curve 
from  flatness  can  be  observed  even  on  the  large 
scale  here  employed.  At  the  same  time  the  focus 
is  sharp  and  no  trace  of  aberration  in  the  com- 
parison lines  is  observable  even  at  the  edges  of 
the  plate  over  the  region  examined  from  A  3700 
to  A  6000. 

It  would  seem  that  the  use  of  these  optical 
parts  is  a  step  in  advance,  since  they  not  only 
increase  the  available  field  over  that  given  by 
other  combinations  but  they  should  eliminate  the 
errors  known  to  arise  from  wings,  associated 
with  comparison  lines,  caused  by  spherical  aber- 
ration when  inferior  camera  lenses  are  employed. 

EFFICIENCY  CONSTANTS  OF  THE  OPTICAL  SYSTEM. 

The  constants  defining  the  efficiency  of  the 
optical  system  of  this  spectograph  are  contained 
in  the  accompanying  table.  The  purity  and  dif- 
ference in  wave  length  just  resolved  are  based 
on  Schuster's  old  formula  for  a  slit  width  of 
0.025  mm. 


EFFICIEX'CY  CONSTANTS  OF  THE  OPTICAL  SYSTEM. 


CONSTANTS 
W.WE-LENGTH 

REsoL^^NG 

POWER 

PURITY 

RESOLVED 

LINEAR    DIS- 
PERSION 

t.m.  per  mm. 

EQUn'.UENT 
OF    O.OOI    MM. 
DISPLACEMENT 

4000  A 

27,000 

6,100 

0.66  A 

26.7  A 

2.00  KM. 

4500  A 

16,000 

5.700 

0.79  A 

44.1  A 

2.94  KM. 

5000  A 

11,000 

2,900 

I.-3A 

65.2  A 

3.91  KM. 

6000  A 

5400 

1,600 

3.7- A 

133    A 

6.6-  KM. 
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MECIIANICAr,   PARTS. 

In  the  design  of  the  nieclianical  parts  of  this 
spcetroi^raph  especial  effort  was  made  to  secure 
two  of  the  desirable  features  in  the  moving  spec- 
trograph as  mentioned  above;  viz.,  invariability 
of  position  and  sharp  definition  of  the  spectral 
features  on  the  photographic  plate  during  ex- 
posures. And  in  this  connection  errors  arising 
from  flexure  and  temperature  change  were  kept 
more  particularly  in  view. 

The  considerations  arising  from  flexure  vari- 
ations which  dictated  the  form  and  material  em- 
ployed are  summarized  here. 

1.  The  portion  of  the  spectrograph  carrying 
the  slit,  optical  parts  and  plateholder  should  be 
as  rigid  as  limitations  of  weight  may  permit.  Lo- 
cal fiexure  at  important  points  should  be  care- 
fully guarded  against. 

2.  This  portion  of  the  spectrograph  (spectro- 
graph proper)  should  be  so  supported  that  its 
flexures  in  the  plane  of  dispersion  will  be  com- 
pensatory and  leave  the  position  of  any  spectral 
line  on  the  plate  undisturbed  with  changing  po- 
sition of  the  telescope. 

3.  Flexures  of  the  supporting  system  of  the 
spectrograph  should  not  be  communicated  to  the 
portion  of  the  instrument  carrying  the  optical 
parts,  slit-head  and  plate  holder. 

4.  This  supporting  truss  should  maintain  the 
spectrograph  in  position  behind  the  telescope 
without  sensible  variation  (o.oi  inch  at  the  colli- 
mator lens)  in  position  relative  to  the  telescope. 

The  considerations  affecting  the  form  and  ma- 
terial employed  and  arising  from  temperature 
changes  in  the  apparatus  are  as  follows: 

1.  The  supporting  system  of  the  spectrograph 
should  be  free  to  expand  or  contract  with  chang- 
ing temperature  without  placing  the  spectrograph 
box  under  stress. 

2.  The  spectrograph  proper  should  be  attach- 
ed to  the  telescope  in  such  a  way  as  to  permit  a 
minimum  flow  of  heat  from  the  box  to  the  sup- 
port or  vice-versa. 

3.  The  support  should  join  the  spectrograph 
as  far  from  the  optical  parts  as  practicable. 

4.  The  portion  of  the  box  carrying  the  opti- 
cal parts,  slit-head  and  plate  holder  should  be 
made  of  homosreneous  material,  so  that  with  tem- 


l)erature  change  its   form  will  remain  unchang- 
ed.   No  thermal  couples  should  be  permitted. 

5.  This  homogeneous  material  of  which  the 
spectrograph  proper  is  made  should  be  a  good 
conductor  of  heat,  in  order  to  distribute  quickly 
any  local  changes  of  temperature. 

6.  If  possible  the  material  of  which  the  spec- 
trograph proper  is  made  should  be  such  that  its 
expansion  and  contraction  with  temperature 
change  will  counteract  the  changes  in  the  focal 
distance  of  the  lenses  due  to  temperature  varia- 
tions. 

7.  A  temperature  case  with  efficient  heat  con- 
trol should  enclose  the  spectrograph  proper  as 
conveniently  as  possible.  This  case  should  be 
large  enough  to  permit  free  circulation  of  air 
within  and  should  be  provided  with  some  means 
to  prevent  stratification  of  air  of  different  tem- 
peratures about  the  instrument. 

Nearly  all  of  the  above  considerations  point 
toward  an  instrument  of  the  type  invented  by 
Wright  and  adapted  to  single  prism  construc- 
tion at  the  Allegheny  Observatory.  Considera- 
tions 2  and  3  under  flexure  can  not  be  secured 
with  the  single  prism  spectrograph  of  cantilever 
type,  and  the  isolation  of  temperature  effects 
in  the  spectrograph  proper  as  well  as  the  insula- 
tion of  this  essential  part  of  the  instrument 
against  temperature  change  are  problems  great- 
ly simplified  in  the  spectrograph  of  the  simple 
beam  type. 

A  brief  description  of  the  mechanical  parts  of 
the  single-prism  spectrograph  of  this  Observa- 
tory is  perhaps  essential  in  order  to  define  the 
character  of  the  new  features  introduced.  In 
connection  with  the  illustrations  of  Plates  W  and 
IX  but  few  words  are  necessary  to  convey  an 
adequate  idea. 

THE    SPECTROGRAPH    BOX. 

F"or  the  purpose  of  description  this  instrument 
may  be  considered  as  made  up  of  two  parts,  the 
spectrograph  box  and  the  supporting  system, 
which  are  mechanically  separable  and  which  per- 
form very  different  functions  in  the  construc- 
tion. The  former  carries  the  slit-head,  optical 
parts  and  photographic  plate  in  their  proper  rel- 
ative positions ;  the  latter  supports  the  spectro- 
graph box  in  its  proper  position  with  reference 
to  the  telescope. 
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The  spectrograph  box  is  a  triangular  skeleton 
beam,  three  and  one-fourth  inches  wide,  with 
sides,  twenty-three,  twenty-eight,  and  forty  inch- 
es in  length,  and  one-quarter  inches  thick.  The 
internal  members  of  the  beam  vary  in  thickness 
from  three-sixteenths  of  an  incli  to  one-fourth 
of  an  inch  and  in  length  according  to  their  po- 
sition in  the  construction.    The  slit-head  is  placed 


of  the  truss  are  then  distributed  so  as  to  secure 
great  rigidity,  especially  about  the  optical  parts 
and  points  of  attachment,  and  are  so  designed 
as  to  support  the  lenses,  slit-head  and  plate  re- 
ceptacle and  to  make  provision  against  all  stress- 
es that  may  arise  in  any  worldng  position  of 
telescope.  In  Plate  IX  where  the  distribution  of 
the  members  of  the  beam  is  shown  it  will  be  seen 


PLATE  IX.    PL.^NS  OF  SPECTROGR.\PH  BOX. 


at  the  more  acute  angle  of  the  triangle,  the  prism 
with  collimator  and  camera  lenses  at  the  obtuse 
angle,  and  the  plate  holder  at  the  remaining  ver- 
tex, the  plane  of  dispersion  containing  the  axes 
of  the  lenses  being  half  way  between  the  two 
triangular  faces  of  the  beam.  The  two  supports 
or  points  of  attachment  are  placed  approximately 
in  the  bisectors  of  the  acute  angles  of  the  triangle, 
each  about  the  same  distance  (eleven  inches) 
from  the  nearest  vertex.    The  internal  members 


that  the  element  of  strength  is  carried  to  its  log- 
ical limit  and  that  the  spectrograph  box  as  con- 
structed ought  to  satisf}'  all  demands  of  internal 
rigidity.  However,  further  resistance  to  stress 
is  incidentally  obtained  by  two  plates,  one-six- 
teenth inches  in  thickness,  which  cover  the  tri- 
angular or  open  faces  of  the  box  and  which  are 
fastened  by  numerous  screws  to  the  outer  and 
internal  members  of  the  beam. 

It  will  be  noted  that  the  spectrograph  box  is 
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not  a  unit,  however.  A  section  near  the  plate 
holder  is  made  removable  to  make  possible  the  use 
of  a  camera  lens  of  twelve  inches  focus,  but  the 
reinforcement  of  the  box  at  the  junction  of  the 
added  section  with  the  box  proper  undoubtedly 
overcomes  any  weakening  of  the  construction  at 
this  point. 

The  materials  of  which  this  Ijox  is  construct- 
ed are  brass  and  bronze  exclusively.  It  was 
originally  stipidatcd  that  the  spectrograph  should 
be  made  entirely  of  brass,  in  order  that  expan- 
sion and  contraction  with  a  .given  temperature 
change  might  be  equal  in  every  part,  and  also 
in  order  that  heat  conduction  to  equalize  any  lo- 
cal changes  of  temperature  might  be  very  rapid. 
Also  it  was  expected  that  the  use  of  brass  in  con- 
nection with  the  optical  parts  would  compensate 
for  changes  of  the  focal  plane  with  temperature 
change,  an  expectation  which  has  been  fully  real- 
ized. However,  on  a  suggestion  of  the  J.  A. 
Brashear  Company  that  the  use  of  certain  bronze 
castings  would  facilitate  their  work,  it  was  de- 
cided to  depart  thus  slightly  from  our  original 
plan,  since  the  constants  of  bronze  are  so  closely 
similar  to  those  of  brass.  Accordingly  that  sec- 
tion of  the  internal  frame  work  of  the  skeleton 
beam  inclusive  of  the  member  which  supports  the 
collimator  lens  and  extending  to  the  removable 
section  near  the  plate  holder  was  made  of  cast 
bronze  and  was  fitted  with  duplicated  peripheral 
members  into  the  construction.  In  this  bronze 
casting  all  the  optical  parts  including  the  prism 
are  mounted  and  the  main  support  of  the  spec- 
trograph is  attached.  Another  small  bronze 
casting  at  the  slit-head  supports  the  slit-head 
tube,  and  a  third  bronze  casting  was  introduced 
in  our  shops  to  secure  great  rigidity  about  the 
second  or  upper  support  of  the  box. 

In  the  spectrograph  box,  the  plate  holder,  opti- 
cal parts  and  slit-head  are  mounted  without  the 
use  of  the  conventional  collimator  and  camera 
tubes.  The  collimator  lens,  with  appropriate 
opposing  screws  for  adjustment  of  the  axis 
of  the  lens,  is  mounted  directly  on  an 
internal  member  of  the  box,  the  member 
forming  one  of  the  sides  of  the  prism  box.  The 
prism  mounting,  adapted  from  that  of  Keeler,  is 
supported  upon  a  face  of  the  prism  box  perpen- 
dicular to  the  refracting  edge  of  the  prism  and 


forming  a  part  of  the  extensive  bronze  casting 
above  described.  The  camera  lenses  in  their 
cylindrical  cell,  five  inches  in  length,  and  three 
inches  in  diameter,  are  also  supported  by  two 
parallel  members  of  this  casting,  in  which  mo- 
tion of  the  lenses  for  focal  adjustment  is  se- 
cured by  a  nut  and  screw  of  thirty  threads  to  the 
inch,  readily  accessible  on  the  exterior  of  the 
spectrograph  box  and  permitting  adjustment  of 
the  length  of  the  camera  with  an  accuracy  of 
about  one-onethousandth  of  an  inch.  A  scale 
with  an  indicator  registers  full  turns  of  the  screw. 
The  plate  receptacle  of  conventional  type  but  with 
heavy  base  plate  is  attached  with  opposing  screws 
to  the  spectrograph  box,  on  a  face  matching  tlie 
base  plate  and  making  a  suitable  angle  with  the 
axis  of  the  camera  lens.  The  opposing  screws 
permit  the  final  adjustment  of  the  plate  surface 
to  follow  the  focal  plane  of  the  single  material 
doublet.  The  slit-head  is  carried  upon  a  bronze 
tube  supported  by  two  parallel  members  of  the 
spectrograph  box,  four  inches  apart.  A  shoe, 
half  way  between  these  supports,  clamps  the 
tube  firmly  in  position.  The  length  of  the  colli- 
mator and  the  orientation  of  the  slit  are  varied 
by  sliding  and  rotating  this  tube  without  the  aid 
of  rack  and  pinion  or  any  other  mechanical  de- 
vice. 

FLEXURE    AND   DISTRIBUTION    OF    SUPPORTS. 

(This  section  is  taken  from  a  paper  read  in 
August,  1909,  at  a  meeting  of  the  Astronomical 
and  Astrophysical  Society  of  America). 

In  the  case  of  the  single-prism  spectrograph 
there  is  known  to  be  considerable  danger  of  error 
arising  from  internal  flexure.  Whatever  dis- 
placement is  present  becomes  of  greater  imjxirt- 
ance  in  the  low  dispersion  spectrograph  because 
of  its  greater  value  in  equivalent  velocity.  It  is 
therefore  unfortunate  that  this  form  of  instru- 
ment is  especially  liable  to  error  of  this  kind. 

The  prevailing  type  of  single-prism  spectro- 
graph which  was  evolved  from  the  old  visual 
spectroscope  is  essentially  a  cantilever  beam  with 
the  slit  near  the  plane  of  support,  the  plateholder 
farthest  away  where  flexure  deflection  is  a  max- 
imum and  the  optical  system  in  an  intermediate 
position.  From  the  well  known  properties  of  a 
cantilever  beam  it  is  obvious  that  relative  de- 
flections of  the  plate  and  optical  system  of  a  one 


46 


UNRT,RSITY  OF  MICHIGAN 


prism  instrument  as  referred  to  the  slit  may 
cause  considerable  displacement  of  spectral  lines 
when  the  position  of  the  spectrograph  is  changed. 
To  be  sure  frequent  introduction  of  the  com- 
parison will  minify  the  error  arising  from  differ- 
ential flexure  but  since  a  star's  image  varies  in 
intensity  with  zenith  distance  and  also  since  flex- 
ure displacement  is  not  a  linear  function  of  the 
hour  angle,  it  can  hardly  be  safe  to  assume 
that  all  appreciable  error  is  eliminated  in  this 
way.  And  in  view  of  the  surprisingly  large  flex- 
ure displacements  of  80  to  100  km.  per  second 
noted  by  some  observ-ers  between  two  positions 
of  spectrographs  of  the  cantilever  type,  there 
seems  to  be  a  condition  here  that  has  needed  at- 
tention. 

The  actual  flexure  displacements  of  lines  from 
their  mean  positions  in  the  direction  of  velocity 
shift  on  the  spectrogram  will  in  general  follow  a 
complex  law  difficult  to  predict.  A  valuable  ap- 
proximation may  be  obtained  however,  if  we 
assume  the  simple  sine  formula  and  apply  it  to 
the  case  of  the  moving  spectrograph  attached  to 
the  eye  end  of  an  equatorial  telescope,  the  plane 
of  dispersion  in  accordance  with  common  usage 
being  coincident  with  the  plane  of  the  hour  cir- 
cle of  the  observed  object.  Flexure  of  the  prism 
through  faulty  mounting  is  not  considered  here 
since  such  errors  can  be  eliminated  in  any  type  of 
spectrograph.  We  assume  then  that  the  displace- 
ment of  any  line  from  its  mean  position  is  the 
product  of  the  maximum  flexure  and  the  fac- 
tors necessary  to  project  the  weight  of  each  dif- 
ferential mass  across  a  line  which  is  vertical 
when  the  flexure  is  zero.  Since  the  spectrograph 
is  not  in  general  a  symmetrical  beam  with  ref- 
erence to  any  flexure  axis  or  line  of  support  the 
simple  sine  law  will  not  express  the  flexure  rig- 
idly, though  such  an  elementary  representation 
of  flexure  and  displacement  is  of  interest  and 
value. 

Adopting  as  the  normal  position  for  any  spec- 
tral line  the  mean  of  all  positions  it  may  occupy 
when  the  spectrograph  is  rotated  through  360°  in 
the  meridian  we  may  define  : 

F,  The  flexure  displacement  of  any  spectral  ele- 
ment from  its  mean  position  in  the  direction  of 
velocity  shift.  Positive  displacement  toward 
the  red. 


Fja,  The  maximum  value  of  "F"  on  the  meridian 
when  the  telescope  is  east  pointing  north  of  the 
zenith. 

Axis  of  flexure,  A  line  through  the  slit  in  the 
plane  of  dispersion  of  the  spectrograph ;  vertical 
when  i^  =  Zero  and  approximately  horizon- 
tal when  F  =  i^m- 

a,  The  angle  between  the  axis  of  flexure  and  the 
axis  of  the  telescope  or  collimator;  in  other 
words,  o  is  the  zenith  distance  of  the  observed 
object  when  F=  0  on  the  meridian,  a  is  posi- 
tive when  the  declination  of  the  intersection 
of  the  axis  of  flexure  with  the  celestial  sphere 
is  greater  than  that  of  the  observed  object. 

A,  The  intersection  of  the  axis  of  flexure  with 
the  celestial  sphere. 

Z,  The  zenith  of  distance  of  A. 

O,  The  parallactic  angle  of  the  telescope  pointing. 

t,  The  hour  angle  of  the  telescope  f)ointing. 

8,  The  declination  of  the  telescope  pointing. 

<l>,  The  observers  latitude. 

For  the  simple  case  of  a  meridian  object  we 
may  write 

F  =  ±  F^sm Z  =^  ±  F^sm  (8  —  ^  +  a) 
where  the  last  upper  and  lower  signs  refer  to  tel- 
escope east  and  west  respectively.  In  the  general 
case  of  an  object  with  coordinates,  t  and  8,  the 
weight  of  each  differential  mass  producing  flex- 
ure must  be  projected  into  the  plane  of  dispersion 
and  perpendicular  to  the  flexure  axis.  Two  func- 
tions effect  this.  Sin  Z  defines  the  component  of 
the  weight  normal  to  the  axis  of  flexure  in  the 
vertical  plane  containing  the  axis  of  flexure.  The 
factor,  Cos  Q,  projects  this  component  into  the 
plane  of  dispersion.  Thus  we  may  write  on  the 
basis  of  the  sine  law, 

F  =  zt  Fjo  sin  Z  cos  Q, 
which  becomes,  since 

cos(84-a)sin  <i>  —  sin(8+a)cos  <^  cos  /, 


—  cos  Q  = 

F: 


sinZ 

F„[—  sin  <^  cos  (8  +  a)  + 


cos^  sin(8  +  a)  cos  t]. 

This  equation  expresses  the  actual  value  of  F 
in  any  position  of  the  telescope  when  F^  and  a 
are  known.    From  it  we  may  deduce  the  variation 
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in  F  or  the  flexure  variation  for  any  given  star 
when  t  chans^cs. 

Let  F  =  l\  when  t  =  t^, 

and  F  =  F;  when  t  =  t.. 

Then 
F.,—  Fi=  ±  Fn,  cos  <j>  sin (8  +  a)  [cos  t.,—  cos  <,] 
where  llie  upper  and  lower  signs  refer  to  teles- 
cope east  and  west  respectively. 

From  this  simple  equation  expressing  the  vari- 
ation of  flexure  displacement  in  the  direction  of 
velocity  shift  with  hour  angle,  some  interesting 
deductions  can  be  made  as  follows: 

1.  For  any  object  the  variation  of  flexure  dis- 
placement is  always  smallest  at  or  near  the 
meridian. 

2.  Flexure  displacement  for  any  star  is  the 
same  in  magnitude  and  direction  at  hour  angles 
symmetrical  with  respect  to  the  meridian  unless 
the  telescope  be  reversed. 

3.  For  any  object  and  spectrograph,  flexure 
variation  is  proportional  to  cos  <j>.  Hence  it  is 
zero  at  the  poles  and  a  maximum  at  the  equa- 
tor. Higher  latitudes  are  advantageous  in  this 
respect. 

4.  For  any  object  for  which  8  =  —  a  flexure  va- 
riation with  hour  angle  is  always  zero.  When 
a  =  ±  ,r/2  —  o  flexure  variation  with  chang- 
ing hour  angle  becomes  a  maximum  in  any 
given  latitude  and  the  expression  above  be- 
comes 

F.^ i?^  =  ±  Fm  cos  (i>  [cos  t„  —  cos  fj . 

Since  a  reverses  its  sign  when  the  telescope  is 
reversed  over  the  pier  there  must  be  two  decli- 
nation circles  distant  a  from  the  equator  on 
which  there  is  no  flexure  variation  and  two 
others  distant  a  from  the  poles  on  which  flexure 
variation  is  a  maxnmum.    For  the  single  prism 
instrument   for  which  a  is   about  twenty-five 
degrees   the    regions    of    smallest    differential 
flexures    are    at    ±25°    declination    and    the 
regions  of  greatest  differential  flexure  are  at 
±  60°  to  ±  70°  declination. 
3.     If  ,^  =  — a,  flexure  variation  becomes  zero 
for  objects  crossing  the  zenith.     This  condi- 
tion is  therefore  advantageous. 
The  flexure  constants,  F^  and  a,  depend  upon 
the  weight,  coefficient  of  elasticity  and  distribution 
of  materials  in  the  spectrograph  box  including 
the  slit,  optical  parts  and  plateholder.    In  the  case 


of  the  single  prism  instrument,  neglecting  flexure 
of  the  prism  mounting,  the  axis  of  flexure  will 
probably  follow  closely  a  straight  line  joining  the 
slit  and  its  image  in  the  camera,  but  in  general 
a  few  measures  of  flexure  in  the  meridian  will 
be  necessary  to  determine  a  and  Fm  and  to  dis- 
cover the  law  of  variation  of  flexure  with  zenith 
distance  in  case  the  sine  law  assumed  here  is  in- 
applicable. 

The  values  of  F„„  a  and  <^  furnish  criteria 
bearing  upon  the  freedom  from  flexure  of  any 
given  moving  spectrograph.  If  the  instrument 
be  mounted  with  slit  east  and  west  and  attached 
to  an  equatorial  telescope,  on  the  basis  of  the  sine 
law  the  best  flexure  conditions  obtain  when  Fm  is 
small,  and  </>,  large  and  when  a  is  the  negative 
of  <l>. 

The  greatest  flexure  variation  is  one  hour's  ex- 
posure will  occur  when  8  =  :p  7r/2  —  o  at  an  hour 
angle  of  ±  6  hrs.  In  this  case  in  latitudes  of  40^ 
the  differential  flexure  will  amount  to  one  fifth  of 
the  maximum  flexure  on  the  meridian.  Since  for 
the  single  prism  spectrograph  this  value  of  8  may 
be  in  the  neighborhood  of  65°  such  an  exposure  is 
quite  possible.  An  exposure  of  three  hours  in 
the  same  part  of  the  sky  would  lead  to  a  differ- 
ential flexure  slightly  greater  than  one-half  of 
the  maximum  flexure  in  the  meridian.  These 
results  are  in  accordance  with  measures  by  Kiist- 
ner  who  found  in  his  3-prism  spectrograph  a 
flexure  of  75  km.  per  sec.  at  Hy  on  the  meridian 
and  a  flexure  displacement  of  12  kms.  per  sec. 
in  an  exposure  of  one  hour  in  his  least  favorable 
region  of  the  sky.  In  the  case  of  single  prism 
spectrographs  of  the  cantilever  type  with  flexures 
of  50  to  100  kms  per  sec.  in  the  meridian,  an  ex- 
posure of  three  hours  may  entail  a  flexure  of 
25  to  50  kms.  per  second  for  any  given  spectral 
element  during  the  exposure. 

With  these  and  other  considerations  in  mind, 
several  single-prism  instruments  of  the  simple 
beam  type  have  recently  been  constructed.  In 
this  simple  beam  type  of  instrument  flexure  can 
be  practically  eliminated  or  made  compensatory 
by  suitably  placing  the  supporting  points  or  by 
the  introduction  of  counterbalancing  levers.  The 
latter  method  was  actually  tried  by  the  writer  in 
the  summer  of  1906  in  order  to  demonstrate  that 
the    displacements    in    the    ^Mellon    spectograph. 
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which  he  was  then  investigating,  were  really  flex- 
ure displacements  and  that  they  could  be  elimi- 
nated by  a  moderate  counter  force  opposing  grav- 
ity at  the  plateholder.  Later  a  plan  embodying 
this  method  of  flexure  elimination  was  drawn  up 
in  detail  for  the  new  Detroit  Observatory  spec- 
trograph. It  has  also  been  developed  independ- 
ently by  Mr.  Plaskett.  The  idea  was  finally  re- 
jected here  however,  in  favor  of  the  method  of 
suitable  distribution  of  two  supporting  points. 
The  two  sketches  of  Plate  IX  show  sections  in  the 
plane  of  dispersion  of  two  forms  of  spectrograph 
box  each  being  about  ^H"  deep  and  otherwise  of 
similar  dimensions.  In  each  case  the  support 
near  the  prism  is  considered  fixed  in  position  and 
is  a  ball  and  socket  joint.  The  upper  support  is 
to  be  determined  by  trial  so  that  flexure  between 
and  outside  of  the  supports  will  be  compensatory. 
In  the  sketches  I  have  indicated  my  predicted  po- 
sitions for  the  upper  support  near  the  slit  but 
when  the  instrument  was  ordered  from  the  J.  A. 
Brashear  Company  it  was  stipulated  that  the  up- 
per support  should  be  omitted  entirely  from  the 
construction.  Plan  I,  in  which  the  adopted  sup- 
port is  nearer  the  plate  holder,  was  selected  be- 
cause it  gave  promise  of  a  better  position  for  the 
upper  support  and  also  because  it  was  desirable 
to  keep  this  communication  with  the  metal  parts 
outside  of  the  temperature  case  as  far  from  the 
optical  parts  as  possible. 

In  determining  the  flexure  of  this  instrument 
three  pairs  of  points  (AA',  BB'  and  CC,  Plate 
IX,  Fig.  i)  were  adopted  for  the  upper  supports. 
For  each  pair  of  points  three  exposures  of  com- 
parison spectra  side  by  side  were  made  always 
with  the  plane  of  dispersion  vertical  and  the  long- 
est side  of  the  triangle  horizontal  but  in  the  first 
and  third  exposure  with  the  prism  below  and  in 
the  second  exposure,  which  was  between  the 
other  two  on  the  negative,  with  the  prism  above. 
Thus  apparently  the  double  flexure  or  twice  the 
so-called  maximum  flexure  was  measured  in  each 
case.    The  results  follow. 


SUPPORT 

DOUBLE 

DOUBLE    FLEXURE    IN    KM. 

FLEXURE 

PER  SEC.  AT  H7 

AA' 

—  2.24  microns 

—  6.3  KM. 

BB' 

—  0.52  microns 

—  I.  4  KM. 

CC 

-|-  1.39  microns 

4- 3.9  KM. 

It  is  tlius  evident  if  the  sine  law  holds  and  if 
the  position  of  the  axis  of  flexure  has  been  prop- 
erly chosen  that  the  point  of  support  for  zero 
flexure  should  be  about  one  fourth  the  distance 
from  BB'  to  CC  on  the  basis  of  these  measures. 
However  for  symmetry  of  construction  and  be- 
cause it  is  planned  to  remove  a  section  of  the  box 
at  the  plate  holder  to  permit  the  use  of  a  twelve- 
inch  camera  objective  instead  of  the  sixteen-inch, 
it  was  decided  to  adopt  the  position  for  the  upper 
support  as  shown  in  the  sketch.  This  position 
should  give  flexures  nearly  equal  and  opposite 
for  the  twelve-inch  and  sixteen-inch  cameras. 

For  the  sixteen-inch  camera  the  flexure  has 
been  determined  with  the  upper  support  in  place. 
The  maximum  flexure  determined  as  before 
proves  to  be  —  0.45  microns,  the  equivalent  of 
—  1.3  km.  per  sec.  at  Hy.  In  an  exposure  of 
three  hours  in  the  least  favorable  region  of  the 
sky  the  change  of  position  of  the  Hy  line  due  to 
differential  flexure  of  the  spectrograph  box  should 
be  not  greater  than  0.6  kins,  per  sec.  or  about 
0.00023  mms.  In  one  hour  this  displacement  of 
Hy  should  not  exceed  0.3  kms.  in  the  least  favour- 
able region  of  the  sky.  These  results  have  been 
obtained  without  temperature  control  and  are  also 
aft'ected  by  flexure  of  the  prism  mounting.  It  is 
nevertheless  clear  that  differential  flexure  is 
vanishingly  small  in  this  instrument  as  it 
stands ;  and  there  is  good  reason  to  expect  that 
the  same  condition  will  obtain  when  the  12" 
camera  is  employed,  though  the  requirements 
will  be  even  more  exacting. 

THE    CHARACTER    OE    THE    SUPPORTS. 

The  lower  support  of  the  spectrograph  box  is 
a  steel  ball,  turned  up  at  the  center  of  a  steel 
shaft,  which  is  roughly  in  the  shape  of  a  double 
cone,  with  the  bases  of  the  cones  against  the  ball. 
The  steel  ball  fits  snugly  into  small  zonal  bearings 
in  the  spectrograph  box,  one  of  which  is  adjust- 
able, the  two  forming  a  socket  for  the  ball  with 
its  center  in  the  plane  of  dispersion  of  the  spec- 
trograph. The  ends  of  this  shaft  and  of  the  two 
others  mentioned  below,  all  of  which  are  normal 
to  the  plane  of  dispersion,  are  securely  bolted  to 
the  supporting  cradle  described  below.  For  the 
upper  support  near  the  slit-head,  a  second  steel 
shaft  tapering  from  the  middle  toward  each  end 
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is  connected  with  tlie  spectrograph  box  by  a  gym- 
bal  joint,  consisting  of  two  pins  or  solid  cyhnders 
crossing  at  right  angles,  and  each  passing  nor- 
mally through  the  center  of  the  shaft.  The  larger 
pin  or  cylinder  passes  through  a  slot  in  the  steel 
supporting  axle  into  which  it  is  fastened  by  the 
second  pin  which  also  serves  as  a  bearing  about 
which  the  larger  pin  may  rotate.  This  larger 
steel  cylinder  is  mounted  with  its  axis  in  the  line 
joining  the  two  supports  and  fits  at  cither  end  in- 
to cylindrical  bronze  bearings  in  the  spectrograph 
box  in  the  plane  of  dispersion.  In  tliese  bearings 
the  steel  cylinder  may  rotate  or  slide  longitudi- 
nally, thus  permitting  automatic  adjustment  of 
the  distance  between  supports  with  temperature 
change  and  giving  all  the  freedom  of  a  ball  and 
socket  joint.  The  two  supports  acting  together 
cannot  cramp  the  box  in  any  manner;  but  the 
combined  restriction  of  these  two  supports  leaves 
the  box  free  to  rotate  about  an  axis  joining  them. 
Accordingly  a  steel  shaft,  passing  through  the 
open  frame  not  far  from  the  prism  box  carries 
two  small  guides,  which  may  be  adjusted  to  bear 
against  two  opposite  points  especially  reinforced 
in  the  triangular  sides  of  the  spectrograph  box. 
In  Plate  IX,  the  bearing  point  of  the  ginde  on 
one  face  of  the  box  is  easily  located  at  the  center 
of  the  black  circle  near  the  base  of  the  prism. 
When  the  plane  of  dispersion  is  vertical  the 
guides  carry  no  weight,  and  the  spectrograph  box 
is  resting  entirely  upon  its  supports.  In  any 
other  position  one  of  the  guides  carries  a  fraction 
of  the  weight  of  the  box. 

In  the  above  system  of  support  the  cross  sec- 
tion of  metal  across  which  heat  may  be  conduct- 
ed from  the  spectrograph  box  to  the  supporting 
cradle  is  a  minimum.  The  two  zonal  bearings  at 
the  lower  support  have  a  combined  area  of  ap- 
proximately one-eighth  of  a  square  inch.  The 
upper  support  is  connected  with  the  spectrograph 
by  a  three-sixteenths-inch  pin  only,  and  the  guid- 
es are  practically  points  bearing  upon  a  very 
small  area.  Very  little  temperature  conduction 
occurs  at  these  points. 

Finally,  this  system  of  attachment  of  the  box 
to  the  supporting  cradle  has  been  found  most 
convenient  in  effecting  the  adjustment  of  the 
instrument  with  reference  to  the  telescope. 


THE    SUPPORTING    CRADLE. 

The  supporting  system  is  similar  to  that  used 
at  the  Lick  Observatory  in  connection  with  the 
new  Mills  Spectrograph;  but  considerable  modifi- 
cation has  been  introduced  to  provide  for  the 
support  of  the  three  steel  shafts  and  the  guiding 
microscope.  The  general  form  of  this  part  of  the 
instrument  is  well  shown  in  Plate  VI,  but  may 
be  briefly  described. 

A  rigid  cast  iron  ring  lx)Itcd  securely  to  the 
spider  of  the  focussing  mechanism  of  the  teles- 
cope carries  four  symmetrical  bosses,  the  chord 
joining  each  pair  of  which  is  parallel  to  the  plane 
of  dispersion  at  a  distance  of  six  and  a  half  inch- 
es. To  the  face  of  each  of  these  bosses  is  fas- 
tened a  two-  by  two-inch  T-beam.  Each  pair  of 
these  beams  which  is  in  a  plane  parallel  to  the 
plane  of  dispersion,  converges  to  a  stiff  bronze 
casting,  which  supports  one  end  of  each  of  the 
two  lower  transverse  axes.  A  well  braced  cross 
piece  of  cast  iron  connecting  each  pair  of  T- 
beams  at  a  suitable  point  furnishes  support  for 
the  end  of  the  steel  axis  of  the  upper  support. 
The  three  steel  shafts  together  with  the  supports 
of  the  guiding  telescope  furnish  a  rigid  connec- 
tion between  the  two  pairs  of  T-beams  forming 
the  truss.  An  additional  element  of  rigidity  at 
right  angles  to  the  plane  of  dispersion  is  furnish- 
ed by  a  fifth  T-beam,  supported  like  the  others 
on  a  boss  on  the  ring  casting  but  as  far  as  possi- 
ble from  the  plane  of  dispersion  and  converging 
to  the  bronze  casting  supporting  the  end  of  the 
steel  shaft  of  the  lower  spectrograph  support,  on 
the  side  farthest  from  the  polar  axis  of  the  teles- 
cope. 

This  supporting  cradle  is  found  to  be  rigid 
enough  to  support  the  spectrograph  box,  with 
temperature  case,  all  together  about  one  hundred 
and  fifty  pounds,  with  a  negligible  flexure  effect. 

THE  SLIT-HEAD. 

The  slit-head  is  patterned  after  that  of  Keel- 
er's  Allegheny  Spectrograph  of  1893,  with  the 
usual  reflecting  slit  jaws  first  used  by  Huggins. 
The  following  modifications,  in  addition  to  the 
totally  reflecting  prisms  and  prism  mountings  of 
the  comparison,  have  been  introduced : 

.\djustable  stops  have  been  provided  to  prevent 
absolute  closure  of  the  slit  jaws,  thus  protecting 
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the  edges  of  the  slit  from  damaging  pressure  and 
making  possible  the  use  of  a  slit  with  very  sharp 
edges.  The  microscope  behind  the  slit  carries  only 
a  totally  reflecting  prism  and  a  lens.  The  image 
of  the  slit  may  be  obsenxd  with  or  without  an 
eye-piece  at  a  convenient  point  near  the  guiding 
microscope.  The  use  of  a  long  tube  is  thus 
avoided. 

COMPARISON    APPARATUS. 

The  spark  comparison  apparatus  is  modelled  af- 
ter that  devised  by  Wright  for  the  Mills  spectro- 
graph. However,  instead  of  single  pairs  of  ter- 
minals, two  drums,  as  used  by  Frost,  are  employ- 
ed, each  carrj-ing  six  sets  of  points.  It  is  thus 
possible  to  bring  fresh  terminals  into  play,  in  case 
the  pair  in  use  fails  to  perform.  Cylinders  of  the 
elements  used  for  the  spark  are  ground  and 
pointed  in  our  own  shop,  and  are  mounted  in  a 
manner  calculated  to  facilitate  adjustment.  The 
coil,  capacity,  and  self  inductance  are  mounted 
on  the  telescope  near  the  slit  head,  thus  avoiding 
the  inconvenience  of  carrying  a  high  potential  cir- 
cuit across  the  floor,  or  on  the  pier  and  telescope 
axes. 

The  element  used  in  the  spark  during  the  first 
year  was  titanium,  partly  because  the  activitj' 
of  this  element  in  the  spark  was  of  advantage  in 
connection  with  the  smaller  coil  then  in  use.  With 
the  purchase  of  a  larger  coil  experiments  were 
made  with  various  elements  and  alloys,  including 
iron,  titanium,  chromium,  manganese,  copper, 
nickel,  lead,  silver,  cobalt,  bismuth,  alloys  of  iron 
with  titanium,  manganese,  chromium,  silicon,  van- 
adiimi,  molybdenum,  and  other  miscellaneous  com- 
binations. Titanium  proves  to  be  the  best  single 
element,  notwithstanding  its  weak  regions  in 
the  neighborhood  of  A  4200  and  A  3850.  With 
plates  sensitized  up  to  A  6300  it  is  also  as  good  as 
any  element  that  I  have  tested.  Some  of  the  al- 
loys tested  furnish  a  better  distribution  of  lines, 
and  the  best  among  these  are  combinations  of 
equal  parts  of  iron  and  titanium,  iron  and  chro- 
mium, and  iron  and  molybdenum,  with  relative 
merit  in  the  order  given.  For  red  sensitive 
plates  a  thin  stain  of  filter  yellow  K  on  the 
ground  glass  mat  between  the  comparison  source 
and  slit  proves  useful  in  bringing  out  compari- 
son lines  in  the  yellow,  orange  and  red  regions  of 
the  spectrum. 


The  frequent  introduction  of  the  comparison 
light,  so  easily  effected  with  this  type  of  compari- 
son apparatus,  distributes  the  exposures  upon 
the  reference  lines  throughout  the  exposure  on 
the  star  and  makes  possible  necessary  allowance 
for  interference  by  passing  clouds.  It  is  our 
practice  to  introduce  the  comparison  spectrum  at 
intervals  of  one  minute  for  exposures  of  less  than 
ten  minutes;  at  intervals  of  not  more  than  two 
minutes  for  exposures  of  not  more  than  thirty 
minutes  duration;  at  intervals  of  not  more  than 
five  minutes  for  exposures  of  an  hour  or  less; 
and  at  intervals  of  not  more  than  ten  minutes  for 
exposures  of  greater  duration  than  one  hour. 

GUIDING    MICROSCOPE. 

The  guiding  microscope,  mounted  with  its  axis 
in  the  plane  of  dispersion  of  the  spectrograph, 
extends  out  on  the  side  away  from  the  plate 
holder.  A  small  forty-five  degree  prism,  three 
inches  above  the  sht-head,  reflects  the  star's  light 
from  the  inclined  speculum  slit  jaws  into  a  small 
microscopic  objective,  which  brings  both  slit  and 
star  image  to  a  focus  in  the  same  plane  before  a 
direct  vision  eye-piece.  A  prismatic  eye-piece 
may  be  substituted  for  the  direct  vision  ocular  at 
the  obser\'er's  convenience.  This  simple  guiding 
microscope  has  been  adopted  in  preference  to 
more  convenient  forms  involving  loss  of  light, 
in  order  to  economize  light  in  the  observation  of 
faint  stars.  For  the  observation  of  stars  at  con- 
siderable zenith  distance  an  ethyl  violet  screen  is 
inserted  in  front  of  the  eye-piece,  cutting  out  the 
green  and  yellow  rays  and  revealing  the  star's 
blue  light  as  displaced  by  atmospheric  dispersion. 

TEMPERATURE   CASE. 

The  temperature  case  of  the  t}-pe  used  by 
Campbell,  encloses  the  whole  spectrograph  box, 
including  the  slit-head.  The  main  compartment 
includes  the  box  up  to  the  slit-head  and  compar- 
ison drum.  A  second  small  compartment  covers 
the  slit-head  and  comparison  drums,  with  a  small 
aj)erture  to  admit  the  star's  light.  The  external 
layer  of  the  temperature  case  is  of  one-half  inch 
enameled  pine.  Inside  of  this  is  a  ^-inch  layer 
of  waste,  then  1-16  inches  of  wood  fiber,  and  in- 
side of  this  in  the  case  of  the  main  compartment  a 
34-inch  air  space  and  a  second  i-16-inch  layer  of 
wood  fiber  enclose  the  air  space  of  i^  inches 
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about  the  spectrograph  box.  In  addition  a  heavy 
felt  jacket  is  buttoned  over  the  brass  spectro- 
grapli  box  as  a  further  insulation  against  local 
heating.  Distributed  uniformly  over  the  interior 
ot  the  main  compartment  of  the  temperature  case 
is  a  heating  circuit,  comprising  one  hundred  and 
thirty-eight  feet  of  No.  27  German  silver  wire, 
strung  at  intervals  of  approximately  an  inch.  The 
heating  current,  which  rises  to  a  maximum  of 
three  fourths  of  an  ampere,  is  rcg-ulated  by  a 
mercurial  thermostat  with  its  bulb  mounted  on 
the  outside  of  the  spectrograph  box  near  the 
prism.  The  bulb  of  the  thermostat  has  an  internal 
diameter  of  one  fourth  of  an  inch  and  is  eight 
inches  long.  The  capillary  is  one  fiftieth  of  an 
inch  in  diameter  and  ten  inches  long  and  is  open 
at  the  top.  This  instrument  proves  very  efficient. 
After  a  little  experience  the  observer  at  the  be- 
ginning of  the  night  can  set  the  movable  plati- 
num wire  which  completes  the  themostat  circuit 
near  the  top  of  the  mercury  column,  and  this  ad- 
justment needs  no  further  attention  during  the 
night. 

A  small  fan  motor  mounted  in  the  upper  part 
of  the  main  compartment  of  the  temperature 
case  serves  to  produce  circulation  of  air.  This 
motor  is  governed  by  a  battery  rheostat  on  the 
outside  of  the  temperature  case  near  the  ob- 
server. 

Two  thermometers  graduated  to  tenths  of  a 
degree  Centigrade  are  mounted  in  parallel  with 
the  stem  of  the  thermostat.  The  bulbs  of  these 
thermometers  are  mounted  as  near  as  possible  to 
the  prism,  one  outside  and  the  other  inside  of  the 
prism  box.  The  stems  of  all  these  thermal  in- 
struments are  viewed  through  a  long  window  of 
double  glass  cut  in  the  side  of  the  temperature 
case. 

The  smaller  compartment  of  the  temperature 
case  about  the  slit-head  is  readily  removed.  The 
main  compartment  divides  into  three  sections, 
one  of  which  covers  the  plate  holder  and  the  low- 
er end  of  the  spectrograph.  This  section  of  the 
box  is  also  easily  removed  to  permit  examination 
of  the  collimation  of  the  spectrograph  as  well  as 
visual  observation  of  spectra.  The  remainder  of 
the  main  compartment  of  the  temperature  case 
divides  along  the  lines  joining  the  supporting 
shafts  of  the  spectrograph  and  on  these  shafts  the 
temperature  case  is  supported. 


AUXILIARY  APPARATUS. 

OUTSIDE  TEMPERATURE  CASE. 

The  large  temperature  case,  designed  by  the 
writer  and  described  else  where  in  this  volume, 
encloses  the  spectrograph  during  the  day  and  fa- 
cilitates greatly  the  control  of  temperature  about 
this  instrument.  At  night  when  work  is  begun 
the  temperature  inside  of  the  spectrograph  tem- 
perature case,  which  is  not  removed  or  opened 
for  airing,  is  usually  a  degree  or  so  above  the 
outside  temperature  and  the  prism  is  kept  at 
essentially  the  same  temperature  throughout  the 
day  and  night.  Thus  satisfactory  temperature 
conditions  are  obtained  without  exposing  the 
spectroscope  to  dust  and  air. 

MEASURING    ENGINE. 

The  measuring  engine  is  well  shown  in  Plate 
X.  It  was  designed  by  the  writer  and  was  con- 
structed by  the  J.  A.  Brashear  Company.  It  com- 
bines the  better  features  of  the  Toepfer  and 
Gaertner  engines  and  represents  a  compromise 
between  the  light  construction  of  the  former  and 
the  massive  design  of  the  latter  type. 

The  more  important  new  features  embodied  in 
the  design  of  this  engine  may  be  briefly  enumer- 
ated. The  back-lash  of  the  screw  is  taken  up  by 
a  spiral  clock  spring  mounted  at  the  end  of  the 
bed  of  the  engine.  The  secondary  plate  carriage 
may  be  moved  by  hand  into  any  position  and  may 
be  taken  out  and  reversed  to  reverse  the  plate  for 
the  elimination  of  personal  equation  error.  A 
pair  of  mirrors  reflect  the  micrometer  and  index 
into  the  observer's  right  eye  thus  obviating  the 
necessity  of  averting  the  eyes  and  head  to  read 
each  setting  of  the  plate  carriage.  Provision  is 
made  for  the  rotation  of  the  microscope  about 
an  axis  parallel  with  the  axis  of  the  screw.  This 
makes  it  possible  to  secure  small  adjustment  of 
the  spectrum  up  and  down  in  the  field  and  is  of 
convenience  especially  in  connection  with  the  in- 
terrupted reticle.  The  reticle  holder  is  made  re- 
movable to  permit  of  the  use  of  several  types  of 
reference  lines  in  the  ocular  field. 

Of  the  various  reticles  used,  the  single  vertical 
line  interrupted  at  the  star  spectrum  has  proven 
most  satisfactory.  In  the  preparation  of  such 
reticles  on  glass  some  experience  has  been  gained 
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whicli  may  be  of  use  to  others.  Four  methods 
were  tried  all  of  which  could  doubtless  be  made 
successful.  These  methods  include  etching  with 
hydrofluoric  acid,  ruling  with  a  diamond  point, 
photographic  reduction  from  a  drawing  in  black 
and  white  and  direct  photography  of  comparison 
lines  with  the  spectrograph  itself.  The  first  meth- 
od was  used  by  the  J.  A.  Brashear  Company  but 
nothing  usable  was  obtained.  Many  ruled  reticles 
were  made  by  the  writer  upon  crystal  cover  glass 
using  the  moving  table  of  a  milling  machine  to 
space  the  lines  and  the  interruption.  These  ret- 
icles were  very  successful,  the  sharp  black  ruling 
proving  if  anything  too  fine  for  use  with  a  one 
inch  eye-piece.  However,  because  of  the  slight 
optical  effects  at  the  edge  of  such  rulings  on  glass 
futher  experiments  were  made  with  the  photo- 
graphic method. 

As  no  suitable  photographic  apparatus  was 
available  attempts  to  reduce  a  drawing  on  paper 
were    not    successful,    though    undoubtedly    this 


rior  to  that  obtained  with  the  spider  thread.  And 
in  addition  the  advantage  is  secured  of  full  visi- 
bility of  the  line  while  the  setting  is  being  made. 
Especially  in  the  case  of  narrow  sharp  lines  is 
this  consideration  important. 

The  screw  of  this  measuring  engine,  developed 
by  our  own  Instrument  Maker,  Mr.  H.  J.  Colliau, 
seems  to  possess  a  remarkable  accuracy.  The  pitch 
is  one-half  of  a  millimeter,  and  a  movement  of 
the  plate  carriage  of  three  and  one- fourth  inches 
is  provided  for.  Studies  of  the  periodic  error  in- 
dicate that  in  this  respect  this  screw  compares 
favorably  with  the  best  screws  that  are  in  use  in 
engines  of  this  type.  The  correction  formulae,  to 
be  applied  in  kilometers  per  second  to  any  read- 
ing at  Hy  for  our  spectrograph  as  well  as  the 
value  of  a  given  interval  on  three  well  distributed 
sections  of  the  screw  are  given  in  the  accompany- 
ing table,  where  "A"  is  the  position  angle  of  the 
micrometer  head  measured  from  a  cross  point 
of  the  error  curve. 


Section  of  Screw 


20  R  —  30  R 


80R  — 90R 


150  R  —  160  R 


Correction  Formula 


-I- 0.14  KM  sin  A  -f- 0.04  KM  sin  A  —0.13  KM  sin  A 


Value  of  the  distance 
between  reference  points 


0.53479  R 


0.53471  R 


0.53483  R 


method  will  give  good  results.  The  interrupted 
reticles  whicli  we  are  using  were  made  according 
to  the  fourth  method  noted  above.  With  a  very 
narrow  and  long  slit  the  comparison  spectrum 
was  exposed  in  the  usual  manner  upon  a  plate  of 
the  finest  grain.  From  this  spectrogram  of  the 
comparison  reticles  were  cut  out  with  a  glass 
cutter  and  mounted  in  the  microscope  reticle 
holder  with  some  well  defined  sharp  line  in  the 
center  of  the  field.  The  length  of  the  interrup- 
tion in  this  line  was  controlled  by  the  usual  dia- 
phragms in  front  of  the  spectroscope  slit  and  may 
be  made  of  an}'  desired  length.  Several  reticles 
were  made,  suitable  for  use  with  different  pow- 
ers. Thus  with  the  spectrograph  itself  permanent 
reticles  were  prepared  with  which  settings  on  the 
star  lines  can  be  made  with  an  accuracy  not  infe- 


It  will  be  noted  that  there  is  a  progressive 
change  in  the  correction  formula  along  the  screw, 
and  this  led  to  a  suspicion  that  the  ways  of  the 
engine  were  convex  or  concave.  This  was  in- 
vestigated with  a  dial  micrometer  in  combination 
^\^th  our  milling  machine  and  was  found  to  be 
the  case.  But  the  maximum  correction  that  can 
ever  arise  from  the  periodic  error  of  this  screw, 
even  as  modified  by  the  inaccuracy  of  the  ways, 
need  not  be  considered  in  any  work  for  which  the 
engine  was  designed  or  intended. 

The  measurement,  reduction  and  discussion  of 
the  spectrograms  obtained  with  this  spectrograph 
are  now  being  carried  on  as  opportunity  permits. 
Results  will  appear  from  time  to  time  in  these 
publications. 

Tune,  1912. 


THE  REGISTRATION   OF   EARTHQUAKES  AT   THE   DETROIT 

OBSERVATORY  FROM  AUGUST  16,  1909, 

TO  JANUARY  1,  1912. 

By  WALTER  M.  MITCHELL. 


The  seismological  equipment  of  this  observa- 
tory was  installed  during  the  summer  of  1909. 
The  instruments  were  set  up  in  the  month  of 
August  in  that  year,  and  since  that  time  have 
been  in  continuous  operation.  A  description  of 
these  instruments  has  been  given  elsewhere ;  as 
stated  there  the  equipment  consists  of  the  follow- 
ing: 

Two  Strassburg  100  kg.  Tromometers  by 
Bosch.  These  are  so  mounted  that  one  gives  the 
east  and  west  component  of  the  motion  produced 
by  the  disturbance,  while  the  other  gives  the 
north  and  south  component. 

One  Wiechert  Horizontal  Seismograph,  with 
steaidy  mass  of  100  kg.  by  Spindler  and  Hoyer. 
This  is  so  mounted  that  the  east  and  west,  and 
north  and  south  components  are  recorded. 

One  Wiechert  Vertical  Seismograph  with 
steady  mass  of  80  kg.  by  Spindler  and  Hoyer. 

The  seismograph  room  (Plate  V)  is  in  the 
basement  of  the  observatory  building,  the  instru- 
ments being  about  2  meters  below  the  surface  of 
the  ground.  On  account  of  the  situation  and  con- 
truction  of  this  room  its  temperature  varies  but 
slightly.  The  average  daily  variation  is  less  than 
3.o°F.,  occasionally  however  the  variation  is  as 
great  as  5.5°,  but  this  latter  figure  is  rarely  ex- 
ceeded. All  the  instruments  are  mounted  on  the 
same  pier  which  is  of  concrete,  approximately 
rectangular  in  shape,  the  dimensions  being  3.1 
by  3.6  meters;  the  longest  dimensions  being  east 
and  west.  The  pier  has  a  depth  of  1.3  meters, 
and  is  wholly  isolated  from  the  rest  of  the  build- 
ing. 

The  observatory  is  situated  on  the  outskirts  of 
the  city  of  Ann  Arbor,  upon  a  hill  about  1.5  km. 
in  a  north-east  direction  from  the  center  of  the 
city.  The  surface  geological  formation  of  this 
region  is  glacial  till,  consisting  of  coarse  sand  and 
clay  with  gravel  and  boulders  to  a  depth  of  40 
meters  or  more. 


There  are  two  railroads  in  the  vicinity ;  the 
tracks  of  one  of  these  are  directly  north  of  the 
observatory  at  a  distance  of  about  0.5  km.  The 
vibrations  caused  by  passing  trains  are  distinctly 
visible  on  the  seismograph  records,  and  at  times 
can  easily  be  confused  with  microseismic  tremors 
of  small  intensity.  The  other  railroad  is  about 
1.5  km.  distant  from  the  observatory  and  proba- 
bly causes  no  disturbance. 

As  the  observatory  is  stituated  on  the  outskirts 
of  the  city,  there  are  no  street  car  lines  in  the 
vicinity  and  the  wagon  traffic  is  a  minimum ; 
hence  from  the  point  of  view  of  seismology  the 
situation  is  quite  satisfactory. 

The  following  table  gives  a  list  of  the  earth- 
quakes that  have  been  recorded  at  this  observa- 
tory during  the  period  from  August  1909  to 
January   1912. 

Column  I  gives  the  serial  number  of  the  shock. 
Remarks  relative  to  the  peculiarities  of  the 
shock  as  recorded  follow  the  table,  similar 
iiiumbers  referring  to  similar  shocks. 

Column  H  gives  the  date  on  which  the  shock 
was  recorded. 

Column  HI  gives  the  component,  and  the  instru- 
ment with  which  it  was  recorded.  B-EW 
and  B-NS,  indicating  the  east  and  west,  and 
north  and  south  components  respectively  of 
the  Bosch  Strassburg  Tromometers.  Simi- 
larly W-EW  and  W-NS  indicate  the  east 
and  west  and  north  and  south  components 
recorded  with  the  Wiechert  instrument. 

Columns  IV,  V,  VI,  VII,  VIII,  and  IX,  give 
the  recorded  times  of  the  phases  of  the 
shock.  All  times  given  in  this  account  are 
Central  Standard  Time,  midnight  to  mid- 
night ;  to  obtain  Greenwich  civil  time  add 
six  hours. 
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The  notation  at  the  heads  of  these  col- 
umns is  practically  that  of  the 
Gcittinger  system,  in  which, 

P=First  preliminary  tremors. 

S=Sccond  preliminary  tremors. 

L=Long  waves.  (Principal  portion  of 
shock). 

M=^Greatest  motion.  (Time  of  maxi- 
mum amplitude). 

K=End  of  long  waves. 

F^=End  of  visible  disturbance. 

♦  and  t  indicate  that  the  beginning  of 

the  phase  is  well  defined,  or  gradual, 
respectively. 


Column  X  gives  the  ma.ximum  amplitude;  that 
is  the  greatest  excursion  of  the  recording 
point  from  the  zero  line,  measured  in  milli- 
meters. 
Column  XI    gives  the  mean  of  the  distances  in 
megameters  as  computed  by  the  Laska  form- 
ulae. 
A=(S  — P  — I). 
A  =  i/3(L-P). 
A=i/2  (L— S-f  I). 
When  the  values  of  A  given  by  these  formulae 
agree,  the  computed  distance  has  been  con- 
sidered accurate,  and  is  so  indicated  in  the 
remarks. 


NO. 

D.\TE 

INSTRUMENT 
COMPONENT 

P 

S 

L 

M 

K 

F 

A 

A  ■ 

I 

1909 

Aug. 

16 

B-EW 
B  — NS 

h  ni 
I     2.6* 
I     3 -91 

h 

I 

m 
8 

3 

h  m 
I   I4.5t 
I   14. 9t 

h  m 
I   16.3 

h  m 
I  21.7 

h  m 

mm. 
0.8 

mgm. 
4 

2 

Aug. 

31 

B  — EW 
B-NS 

5  52.5* 
5  S2.4* 

6 
6 

S.9t 
5-4t 

6    8.5t 
6    9. It 

6    9.0 
6    9-3 

6  10.7 
6  13.0 

625 
627 

0.7  1 
0.9  f 

3 

3 

Sept. 

8 

B— EW 
B— NS 

W— NS 

10  58. I 
10  57-1 
10  59-4 

II 

II 

5 

6 

8 

II  15-6 
II  159 
II  17.0 

II  19.7 
II  19.8 

II  20.3 
II  20.7 
II  22.0 

II  47 
II  50 
II  34 

0.9  1 
0.6  [ 
0.3) 

6 

4 

Sept. 

19 

B— EW 
B— NS 

14  41 -St 

14  42-5t 

14  42.7 
14  43-3 

14  43. S 

14  43-9 

14  47.0 
14  49-2 

0.9 
0.2 

S 

Oct. 

3 

B— EW 
B  — NS 
W— EW 

W— NS 

14  59-7 
14  59-7 
14  59-8 
14  59-9 

15     1-4 
15     1-3 

15     1.8 
15    3.8 
15     3-5 
15     2.0 

IS  4.9 

15    6.3 

0.4 
0.2 

6 

Oct. 

18 

B  — EW 
B  — NS 
W— EW 
W  — NS 

2  35-2 
2  35-1 

2  33-6 

2  39-3t 
2  39-3t 
2  39.6* 
2  38.5* 

2  40.3 
2  40.5 

2  42.3 
2  44-5 
2  42.2 

2  52 
256 
2  49 
2  44 

0.5" 
0.6 

0.3. 

1-3 

7 

Oct. 

20 

B  — EW 
B  — NS 

18  33. 5t 
18  37- 3t 

18  50.8 
18  53.8 

18  59-4 

19  I 

8 

Oct. 

29 

B-EW 
B  — NS 
W— NS 

I 
I 

I 
2 

•7 
.0 

I    4-6t 
I    3-3* 
I    3-7 

I     8.1 
I    6.8 

I      5-2 

I     9 
I  II 

9 

Oct. 

31 

B— EW 
B  — NS 

16  29.1* 
16  29.2* 

16 
16 

31 
32 

.3t 
•It 

16  35-7* 
16  35-9* 

16  42.8 
16  41.9 

16  45-1 
16  42.5 

17  25 
17  24 

3.0  > 
2.5  f 

2.1 

10 

Nov. 

10 

B— EW 

B  — NS 

0  39-ot 
0  35-Ot 

I  25 
I  30 

II 

Dec. 

9 

B— EW 
W— EW 
W— NS 

10  32.0+ 
10  32. of 
10  36. 5t 

II    3-0 

II      I.O 

10  49-5 

o.S 

12 

1910 
Jan. 

I 

B— EW 
B— NS 
W— EW 
W— NS 

5    6.9* 
5    7.2* 
5    7.7* 
5     7-3* 

5  II-5* 
5  II. 7* 
5  II. S* 
5  II. 5* 

5  16.7 
5  24.8 
5  16. S 
5  20.6 

5  39.3 

5  23.8 
5  32.0 

6  19  > 

5  58 
556 

100. 0  ~1 

29.0  1 

8.0  f 

7.0J 

1-5 
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NO. 

DATE 

INSTRUMENT 
CXDMPONEKT 

p 

S 

L 

M 

K 

F 

A 

A 

13 

I9IO 

Jan.     22 

B  — EW 
W— EW 

W— NS 

■1 
2 
2 
2 

m 

55.6 
550 
56.0 

h 
3 
3 
3 

m 
l.o 
1.6 
2.8 

h  m 

3    9- it 
3  ii-5t 
3  I30t 

h  m 

3  13-3 
3  I4-S 
3  iS-S 

h  m 

3  14 
3  16 
3  17 

8 
0 
0 

h  m 

4     5 
3  55 
3  52 

mm. 
50.0  i 
6.0 
4.0  ) 

nigra. 
S-I 

14 

Jan. 

23 

B— EW 

B  — NS 
W— EW 

W— NS 

12 
12 
12 
12 

56.1* 
56.4* 
55-5* 
55-5* 

13 
13 
13 
13 

2.0* 
2.3* 
i-S* 
1.4* 

13    9-8 
13  10.3 
13  10. 0 
13    9-5 

13  IS 

13  17 
13  14 
13  17 

3 

7 
5 
0 

13  39 
13  30 
13  20 
13  22 

2.0] 
i.oj 

4.7 

15 

Feb. 

28 

B— EW 
B  — NS 
W— EW 

W— NS 

IS 
15 

14. 6t 

IS -31 

IS 
15 
15 
15 

22. 7t 
24.  It 
25.0 
25.0 

IS  32. 6t 
IS  33 -St 
IS  33  0 

IS  33.5 

IS  33-1 
IS  34-6 
IS  33-5 
IS  34-3 

IS  33 
IS  34 
IS  34 
IS  35 

3 
9 
0 
0 

16    5 
16    4 
IS  47 
15  57 

2.3] 

1.0  1 

0.6  ( 
o.sj 

6.0 

16 

Mar. 

II 

B— EW 
B  — NS 
W— NS 

I 
I 
I 

o.St 
O.St 
O.St 

I     8.0 
I     8.0 
I     8.0 

I  15 

I  15 
I  14 

2 
0 
0 

0.1 
0.2   ■ 
0.3 

2-5 

17 

Mar. 

18 

B— EW 
B  — NS 

18 
iS 

24.8 
24.6 

18  28.2 
18  27. 5 

18  28.6 

18  32 
18  30 

S 

18  38.0 
18  38. S 

0.4 
0.7 

18 

Mar. 

30 

B— EW 
B— NS 
W— EW 
W— NS 

II  S6.5 
II  54.7 
II  56.0 
II  540 

12     2.0 

12    3 
12    3 

12    2 
12    2 

3 
3 

S 
0 

12  28.3 
12  21.5 

12  10. 0 

2.0 
0.2 

0.1 

19 

April 

II 

B— EW 
B  — NS 
W— NS 

18 
18 

40.9 
41.0 

184s.  I 
18  46.8 
18  46.8 

1848.3 
18  49.9 
18  50.0 

18  52.0 

19  38 
19  37 
19  36 

1.0 
1.0 
0.8 

20 

April 

26 

B  — EW 
B  — NS 

19 
19 

38.4 
38.6 

19  41.9 

19  44.8 
19  45-5 

19  46.3 
19  45-8 

20    4 
20    4 

0.3  » 
0.1  f 

2.0 

21 

May 

4 

B— EW 
B  — NS 
W— EW 
W— NS 

18  37.0 
18  37.2 
18  38.2 
18  38. 0 

18 
18 
18 
18 

40.9 

41. 1 
41.8 
41-7 

iS  45.5 

18  46.8 
18  45-4 
18  45-4 

18  S4-S 
18  48.7 
18  49.0 
18  49.2 

19    9 
19    8 
18  55 
18  59 

o.sl 
0.6  1 
0.2  1 
0.3J 

2.6 

22 

May 

13 

B  — EW 
B  — NS 
W— EW 
W— NS 

2 
2 
2 

7.8f 
7. St 
8.3t 
7.ot 

2 
2 
2 

2 

14.S* 
14-3* 
14.3* 
14.0* 

2  24.4* 
2  24.2* 

2  24.2* 
2  24.0* 

2  36.0 
2  34.0 
2  33-3 

2  32. S 

2  36.3 
2  42.9 
2  45 -o 
2  42.0 

4    3 
3  42 
3  29 
3  47 

So~ 
3-0   . 
2.0 

i.8j 

S-7 

23 

May 

20 

B— EW 
B-NS 

6 

6 

16.7* 
16.7 

6 

19.9* 

6  23.3 
6  24.4 

6  24.9 

6  25.9 
6  25.9 

638 

637 

2.0) 
0.5  f 

2.2 

24 

May 

22 

B  — EW 
B— NS 
W— EW 

0 
0 
0 

36.4 
36.6* 

36. S 

0 
0 
0 

47.0* 
46.7* 
46.6 

I     S.3t 
I     8.7t 
I     SO 

I  18.0 
I  25.7 
I  22.0 

2  00 

I  33 
I  31 

0.3) 
0.2  [ 
0.3) 

10. 1 

25 

May 

30 

B— EW 
B  — NS 
W— EW 
W— NS 

23 
23 
23 

23 

1.7* 

i.S* 

1.5* 

1.6* 

23 
23 
23 
23 

6.6 
7.0* 

6.4* 
6.4 

23  13-3 
23  14.2* 
23  13 •6t 

23  26.6 
23  20.1 
23  26.4 

23  27.8 
23  27.7 
23  28.0 

23  57 
23  58 
23  50 

1.61 
3.0  [ 
0.7) 

3-9 

26 

June 

I 

B  — EW 
B  — NS 
W— EW 

0 

21. 5 

0  56.9 
0  56.0 
0  57.0 

I       I.O 

I     0.0 

I    7.0 
I  13.0 
I    2.0 

2  19 

I  57 

0.3 
0. 1 
0.2 

27 

June 

16 

B  — EW 
B  — NS 
W— EW 

0 
0 

50.6* 
SO.  4* 

I     0.3 
I     0.0 
I     0.0 

I     1-7 
I  22.6 
I     0.4 

I  40.3 
I  25.7 
I  41.0 

3  13 
3    9 

3    5 

10. 0  1 
1.0 

2.5  ) 

31 

28 

June 

29 

B— EW 
B  — NS 

2  46.3 
2  46.7 

3  10.4 
3  10.7 

3  21 

0.2 
0.1 

29 

June 

29 

B— EW 
B-NS 
W— EW 

S  43-1 

s  42.7 

S  43-0 

S  S3. 4 

5  S4-7 

6  3.7 
5  46.0 

6  39 
6  19 
6    2 

0.9 
0.1 
0.1 
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NO. 

liATK 

INSTRU.MKNT 
a)MroNKNT 

P 

S 

I. 

M 

K 

F 

.•\ 

A 

30 

19 

July 

[0 

3 

B  — EW 
B-NS 

li 

1  m 

h 

1  m 

h  m 
3  26.3 
3  26.0 

h  m 

h  m 
3  32.9 
3  .33.7 

h  m 
3  38 
3  39 

mm. 
0.2 
0.  r 

mgm. 

31 

J„Iy 

6 

B  — EW 
B  — NS 
W— EW 
W— NS 

22 
22 
22 

55-3 
54-5 

55-1 

22 
22 

22 
22 

57-3 
57-4 
57- 1 
57-1 

22  58.6 
22  58.7 
22  59-9 
22  57-7 

22  59-3 
22  59.1 
22  59.0 
22  58.0 

22  .S9.8 

22  59-4 

23  0.0 
22  58.3 

23  20 
23  21 
23    9 
23     4 

16.0] 
5.0  1 

4.0  r 

3.0J 

1.3 

33 

July 

17 

B— EW 
B  — NS 

4 

11.9 

4 

14.3 

4  16.8 
4  16. 1 

4  18.7 
4  18.7 

4  33 
4  30 

0.6 
0.7 

33 

Aug. 

4 

B  — E\\' 

B-NS 
W  — NS 

19 
19 

38.0* 
38.0 

19 
19 

45., It 
42. 7t 

19  50.3 
19  48.7 
19  48.5 

19  5' -7 
19  49-2 
19  49.0 

19  .X3-3 
19  52.2 
19  530 

20  42 
20  26 
19  59 

4.0  1 
7.0 
3.2  \ 

3.8 

34 

Aug. 

11 

B  — EW 
B  — NS 
W— EW 
W— NS 

10 

ID 

36.5 
36.1 

10 
10 

ID 

41.0 
40.5 
40.5 

10  44.8 
10  44  3 
10  44  2 
10  44-5 

10  45-6 
10  45-2 
10  450 

10  4.=; -9 
10  48.3 
10  46.3 
10  48.3 

II     8 
11     7 
10  S3 
10  59 

7.0) 
0.5  1 

1.3  r 
0.2J 

2.9 

33 

Aug. 

21 

B  — EW 
B  — NS 

23 

55-1 

24    2.9 
24    30 

24  10.4 
24    8.5 

24  30 

1.0 
0.5 

36 

Sept. 

6 

B  — EW 

14 

24.0 

14  46.0 

15  IS 

0.1 

37 

Sept. 

7 

B  — EW 

2    12.0 

2  370 

3    0 

0.2 

38 

Sept. 

7 

B  — EW 

4  57-0 

S  30.0 

0.2 

39 

Sept. 

8 

B— EW 
B  — NS 
W— EW 
W  — NS 

19  23.9 
19  23.9 

19  23.8 

19  31 -9 
19  32.1 

19  32.0 

19  42.4 
19  42.0- 
19  44-8 
19  42.0 

19  42.5 

20    0.0 
20    2.0 

20    0.0 

20  51 
20  50 

20  40 

4.0] 
0.8 1 
0.4  f 
0.4J 

5.5 

40 

Sept. 

23 

B  — EW 
B— NS 
W— EW 
W— NS 

21 

21 

21 

38.5 
38.3 

38.3 

21 

21 

21 

43-2 
43.3 

42.9 

21  49.6 
21  49-5 
21  49.1 
21  49.9 

22    7 
22     I 

22    6 

22  50 
22  50 

22  50 

I.O] 

0.7 1 

0.8  f 
0.4J 

3-7 

41 

Oct. 

4 

B  — EW 
B  — NS 
VV— EW 
W— NS 

17 
17 

17 

10.9 
11-3 

10.7 

17  19-3 
17  19-8 
17  19-1 
17    19-2 

17  20.2 
17  20.7 
17  21. I 
17  20.0 

17  21.5 
17  22.2 
17  21.3 
17  21.5 

17  42 
17  52 
17  24 
17  43 

HI 

2.8 

42 

Oct. 

IS 

B— EW 

20  32.0 

20  36.7 

0.2 

43 

Nov. 

6 

B— EW 
B  — NS 
W— EW 
W— NS 

14  .37. 8t 
14  37. 7t 
14  37. 7t 
14  38. of 

14  42. 3t 
14  43  of 
14  42. 9t 
14  42. It 

14  48.5* 
14  48-7* 
14  48.8* 
14  48.6* 

14  49-3 
14  52.2 
14  53  0 

14  52.2 

14  52.3 
14  54  3 
14  53.5 
14  54-3 

IS  37 
15  42 
IS  15 
IS  33 

20.0" 
13.0    ^ 
4.1 
6.o_ 

3-3 

44 

Nov. 

9 

B  — EW 
B  — NS 

W— EW 
W— NS 

0 

21. of 

0 
0 

0 

31. 4t 
30.7 

31 .8t 

I     0.4 

I   16.8 

0  57-2 

1  16.5 

I  24.8 

I  24.8 
I   19.0 

I  30.3 

3    0 
2  37 
2  27 

2  35 

I.O 

0.2 
0.2 
0.1 

45 

Nov. 

24 

B  — EW 
B-NS 
B  — EW 

22 
23 
23 

59-0 
o.r 
0.3 

23 

23 

10.4 
10.6 

23  38.7 
23  39- I 
23  370 

23  40.2 
23  40.6 
23  40.0 

23  50.2 
23  5I-I 

25  10 

25  23 
25  35 

2.3) 
0.1  [ 
2.0  ) 

10.2 

46 

Dec. 

10 

B  — EW 

W— EW 

4  26.8 
4  25.0 

428.5 
4  28.6 

4  32.9 
4  32.0 

4  SO 

458 

i-S 
o.S 

47 

Dec. 

13 

B  — EW 
B  — NS 
\V— EW 
W— NS 

6 
6 

31-9 
3I-I 

6 
6 

39-6 
37-3 

6  42.9 
6  30.9 
6  42.0 
6  32.1 

6  43-9 
637.8 
6  43-2 

6  45  0 

6  44.6 
6  45  0 

7  24 
7  24 
7  23 
7  19 

■1} 

i.oj 

3.1 

48 

Dec. 

16 

B— EW 
B  — NS 
W— EW 
W— NS 

9 
9 
9 
9 

7-3 

4-7 
4-3 
4-1 

9 
9 
9 

15-9 
16.2 
21.4 

9  23.1 

9  38.0 
9  S6.0 

10  12.3 

10  13.0 
10  30.0 

II    6 

10  50 

11  6 

0.7 
0.3 
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NO. 

DATE 

INSTRUMENT 
COMPONENT 

P 

S 

I, 

M 

K 

F 

A 

A 

I9IO 

h  m 

h  m 

h  m 

li 

1  ni 

h  m 

h  m 

mm. 

mgm. 

49 

Dec. 

21 

B  — EW 

B— NS 

W— EW 
W— NS 

4  36.2 
4  36.7 

4  38.4 
4  38.9 

4  42.2 
4  43-8 
4  42.0 
4  44-3 

4  44-2 

4  49-0 
4  470 
4  45. 0 
4  47-0 

5    0 
4  55 
4  52 
4  50 

0.3I 
0.4  I 

0.3  r 
0.4J 

2.0 

SO 

Dec. 

22 

B— EW 
B  — NS 
W— EW 
W— NS 

19    7.2 
19    6.6 
19    7-8 
19    l-l 

19  170 
19  16.6 
19  16.9 
19  iS-9 

19  21 
19  21 

0.4 
0.2 
0.3 
0.1 

SI 

igii 
Jan.       3 

B-EW 
B  — NS 
W— EW 
W— NS 

17  38. 7t 
17  39-1 

17  39.1 

17  49-8 
17  49.8 
17  50.2 
17  50.2 

18    9.0 
18  15.4 
18    9.4 
18  10. 1 

18 
18 
18 
18 

35-3 
24-7 
24.0 
25.4 

18  36.9 
18  40.4 
18  35-6 
18  34-6 

19  22 
19    9 
19  23 
19  21 

53-41 
7-9  1 
9.3  f 
9-7J 

10. 1 

S2 

Feb. 

4 

B— EW 
B— NS 
W— EW 
W— NS 

22  29.9 
22  29.9 
22  30.0 
22  30.0 

22  36.3 

22  36.7 
22  36.8 

22  41.9 

22  41.2 
22  40.2 

22  SI 
22  53 
22  44 
22  43 

0.8  ~] 
0.4  I 
0.8  [ 
0.2  J 

2.3 

53 

Feb. 

18 

B-EW 
B— NS 

W— EW 
W— NS 

13     5-3 
13     5-1 

13  25.0 

13  40.8 
13  38.2 
13  36.3 
13  38.2 

13  50.8 
13  48.7 
13  50.0 
13  47-1 

13  58 

14  10 
14    7 
13  58 

1-3] 

0.5  L 
0.4  1 
0.4J 

lO.I 

S4 

April 

10 

B— EW 

B  — NS 
W— NS 

12  49.8 
12  49.1 

12  54-8 
12  54-6 
12  54.6 

13    2.3 
13    3-8 
13    4-0 

13    5-4 
13    5-8 
13    S-3 

13  16 
13  16 

1.8) 
0.4  \ 
0.1 ) 

3-3 

55 

April 

28 

B-EW 
B  — NS 
W— EW 

4    0.2 

4    5-7 

4    8.1 
4    '6.9 

4 
4 
4 

8.3 

7.1 
7-5 

4  10.5 
4    7.8 
4    9-1 

4  21 
4  12 

0.8  i 

I.O 

0.3  ) 

2.0 

56 

May 

4 

B-EW 
B  — NS 

17  4;.3 
17  48.2 

17  si.o 
17  53-3 

17  57-2 
17  57.6 

17 
17 

57.3 
57.8 

17  59.0 
17  S9-0 

19    I 

18  47 

14.0  ( 
4.0  \ 

30 

57 

May 

9 

B-EW 
B  — NS 
W— EW 

13  55-6 
13  55-3 
13  SS-4 

13  S6.6 
13  56.2 
13  55-7 

14    6 

0.3 
0.2 
0.2 

S8 

May 

9 

B— EW 

B  — NS 

18  40.3 
18  38.7 

18  44-5 
18  42.3 

18  SI 
18  49 

0.1 
0.1 

59 

June 

7 

B— EW 
B  — NS 
W— EW 
W— NS 

5    90 
5    8.8 
5    8.8 
S    8.9 

S  14-3 
5  14-0 
5  14-0 
5  13.8 

s  199 

5  18.8 

5  19- 1 
5  20.1 

5  25  + 
5  26  + 

5  37.0 
5  31.2 
5  3I-I 

7  31 
6  45 
625 
6    2 

>90.o] 
>9o.o  1 

14.0  r 

3.6 

6o 

June 

IS 

B— EW 
B  — NS 
W— EW 
W— NS 

8  40.1 
8  39-9 

8  39.0 

844-5 
8  43-2 
8  44.0 
844.1 

8  so. 4 
8530 
8  so. 4 
8  49.5 

9 

8 
9 
8 

5-0 
53-2 

S3.0 

9  26.3 

9  26.5 
9  21. 1 

10  18 
10  13 
9  54 
9  47 

6.0  1 

1.0  r 
3-4J 

3-4 

6i 

July 

I 

B— EW 

B  — NS 

16  10.5 

16  16.4 
16  14. I 

16  18.8 
16  15.9 

16  19.0 
16  16. 5 

16  19.2 
16  17. 5 

1634 
16  45 

4.5/ 
8.0  f 

1-5 

62 

July 

II 

B-EW 
B  — NS 

22  30.9 
22  27.9 

22  38.5 

63 

Aug. 

16 

B— EW 
B  — NS 

W— EW 

17     I.I 

17  II. 0 
17  12. I* 
17  II. 0 

17  34-8 
17  36.3 
17  35-1 

17  Si-i 
17  51-8 
17  Si-i 

18    9.1 
18  19.4 
18  17. I 

18  50 
18  40 

1. 11 

3.0,'- 
0.6  ) 

lO.I 

64 

Aug. 

17 

B— EW 
B— NS 
W— EW 

5     4-4 
5    S-3 

5    8.4 
5    7-4 

S  10.3 
5  10. 0 
5    8.3 

5 
S 
S 

II. 4 
10.3 
9.6 

s  14.0 

5  II-9 
5  II.4 

5  20 
5  24 

0.6  1 
0.8  [ 
0.1  ) 

1-7 
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NO. 

UATE 

CO.MPO.NKNT 
l.VSTRUMENT 

P 

S 

L 

M 

K 

F 

.\ 

A 

65 

19: 

Sept. 

II 

13 

B-EW 

B-NS 

h  in 

1 

!i  m 

h  ni 
21  29.5 
21  29.0 

h  m 
21  36.7 

li  ni 
21  .38 
21  43 

h  m 

mm. 
0.2 
0.2 

mgm. 

66 

Sept. 

16 

B  — EW 
B-NS 
W_EW 
W— NS 

21  .ii.o 
21  50.0 
21  49.2 

21 
21 

58.5 
58.1 

22    6.5 
22     5.0 
22    6.3 
22    6.0 

22    9.6 
22    6.3 
22    8.0 

22  10.5 
22  20.0 
22  10.8 
22     9.8 

23    0 
22     7 
22  44 

1.3) 

5.1 

67 

Sept. 

21 

B— EW 
B— NS 
W— EW 

23  10.3 
23  10. S 

23 
23 
23 

16.7 
1S.8 
15-7 

23  24.2 
23  23.6 
23  24.1 

23  25.1 
23  24.2 

23  26.5 
23  26.4 
23  25.2 

23  41 
23  44 
23  34 

2.9 
2.5  • 
2.6 

4-5 

68 

Oct. 

6 

B  — EW 
B— NS 
W_EW 
W-NS 

4  21.6 
4  22.0 
4  20.9 
4  20.9 

4  26. 1 
4  26.5 
4  25.3 
4  25.3 

4  28.6 
4  34-5 
4  31.6 
4  32.0 

4  33-6 
4  37-6 
4  32.7 

4  3S-6 
4  39-7 
4  34-3 
4  37  6 

4  46 

5  10 

4  45 

5  0 

17.01 
4.0  1 
3.2  f 
2.0J 

3.0 

69 

Oct. 

26 

B  — EW 

828.5 

837.0 

70 

Nov. 

7 

B  — EW 
B  — NS 
W— NS 

0  II. 8 
0  12.0 
0  II. 7 

0  12.4 

0  13-3 
0  13.7 
0  13-7 

0  22 
0  21 
0  21 

0,9 
0.3 
0.1 

71 

Nov. 

18 

B— EW 
B  — NS 

1 

50.4 

I  52.0 

1  511 

I  530 

I  53-4 
I  53-6 

2    4 
2    4 

1.3 
0.5 

72 

Nov. 

20 

B-EW 
B  — NS 
W— NS 

8 
8 

2.0 

1-5 

8    6.1 
8    8.5 
8    8.0 

8    9-5 

8  13.1 
8  10.7 
8  10.3 

8  20 
8  17 
8  12 

1.8 
2.0 
0.4 

73 

Nov. 

25 

B-EW 
B-NS 
W-NS 

I 

46.0 

I  46.7 
I  47  0 
I  48.0 

I  47-5 

I  47-7 
I  490 

I  51 
I  51 
I  50 

0.6 
1.9 
0.1 

74 

Dec. 

16 

B— EW 
B— NS 
W— EW 
W-NS 

13  20.7* 
13  20.6* 

13  20.7 

13 
13 

13 

26.0* 
26.0* 

25.8 

13  33-9 
13  32.6 
13  31-2 
13  31-3 

13  34-2 
13  33-9 

13  45.4 
13  38.6 
13  38.9 
13  38.9 

14  45 
14  45 

13  49 

14  9 

>  46.0-1 
33.0  t 

12.0  J 

4.2 

75 

Dec. 

20 

B— EW 
B— NS 
W— EW 
W— NS 

0 

18. 1 

0  24.2 
0  23.6 
0  23.9 
0  23.9 

0  32.2 
0  34-6 
0  33-9 
0  32.9 

I     7 
I     0 
0  40 

0.2 
0. 1 
0.1 

76 

Dec. 

23 

B-EW 
B  — NS 
W— EW 
W-NS 

15  II-7 
15  13-3 
15  16.8 
15  11-5 

15 
15 

15 

19.0 
16. 1 
20.3 
19.4 

15  24.5 
IS  22.1 
15  22.8 
15  24-4 

15  31-5 
15  312 

IS  30.8 
15  31  0 

15  44 
IS  44 

IS  45 

0.5" 
0.4 
0.1 
0.3, 

4-3 

REMARKS. 

1.  Motion  almost  entirely  in  E-W  component. 
Period  of  vibrations  15 — 20  sec.  at  M.  No  record 
on  W'iechert  instruments. 

2.  Phases  of  shock  are  not  well  defined,  hence 
P  and  S  may  be  incorrect.  No  record  on  Wiech- 
ert  instruments.     Microseisms  during  the  day. 

3.  Numerous  microseisms  of  small  intensity 
have  preceded  this  shock.  Faint  traces  of  shock 
on  W-EW.  Times  given  for  W-NS  are  uncer- 
tain. 

4.  The  microseisms  are  numerous  during  the 


day.     Times  of  phases  of  this  shock  are  hence 
uncertain. 

5.  No  preliminaries  perceptible,  movements  of 
short  duration. 

6.  P  uncertain,  S  not  perceptible. 

7.  A  succession  of  long  period  waves  of  very 
small  amplitude.  Impossible  to  distinguish  the 
phases.     Barely  perceptible  on  Wiechert  records. 

8.  Microseisms  during  the  day  and  preced- 
ing this  shock,  mask  the  phases.  W-EW  record 
is  indistinct. 

9.  Record  of  Wiechert  instrument  is  miss- 
ing. 
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10.  Motion  consists  of  long  slow  waves  of 
small  amplitude.  The  phases  are  indistinguish- 
able.    Preceded  by  microseisms  during  the  day. 

11.  The  preliminary  tremors  are  well  marked, 
but  it  is  difficult  to  identify  them.  Micro- 
seisms  have  preceeded  this  shock,  and  P  may  be 
obscured,  P  as  given  being  in  reality  S.  The 
distance  is  hence  unreliable.  The  record  con- 
sists of  a  series  of  pulses,  lasting  about  15  min- 
utes. The  pen  of  the  E-W  Strasburg  pendulum 
moved  entirely  off  the  sheet,  but  this  may  be 
due  to  synchronism  of  the  impulses  and  the  per- 
iod of  the  pendulum,  as  the  W-EW  does  not  in- 
dicate that  the  amplitude  should  have  been  suffi- 
ciently great  to  do  this.  B-N  S  record  is  incom- 
plete as  driving  clock  of  drum  stopped. 

13.  The  phases  of  this  shock  are  fairly  dis- 
tinct, hence  the  distance  is  reasonably  accurate. 
B-EW  record  gives  a  series  of  strong  waves 
lasting  three  minutes.  B-N  S  instrument  out  of 
order.  Wiechert  records  show  long  waves 
are  of  longer  duration,  the  end  of  it  not  being 
clearly  marked.  Apparently  no  tremors  preced- 
ed this  shock. 

14.  This  shock  was  a  series  of  waves  of  small 
amplitude,  period  about  20  sec.  M  is  not  well 
defined.     Distance  is  reasonably  accurate. 

15.  Preliminaries  are  long  drawn  out  and  not 
distinctly  marked.  Duration  of  main  waves  is 
very  short.  Microseisms  recorded  on  Wiechert 
records ;  these  mask  the  time  of  P. 

16.  A  very  small  disturbance,  S  not  disting- 
uishable.    No  record  of  shock  on  W-E  W. 

17.  Principal  movement  in  N-S  component. 
It  is  uncertain  which  one  of  preliminaries  is  miss- 
ing. Vibrations  of  small  period  and  amplitude 
are  superimposed  on  the  long  waves  in  N-S 
sheet.     Not  registered  in  W-E-W. 

18.  A  series  of  waves  of  small  amplitude, 
period  about  25  sec.  The  phases  are  not  well 
marked.  Direction  of  shock  probably  mainly 
E-W. 

19.  The  phases  are  not  well  marked.  A  suc- 
cession of  short  period  tremors  beginning  w^ith 
M  and  continuing  until  19  h  14  m,  then  changing 
with  long  period  vibrations  of  small  amplitude. 
Disturbance  not  registered  on  W-E  W. 

20.  A  small  disturbance.  Phases  are  not 
very   distinct  but  the   distance   is   probably  ac- 


curate.    Very   slight   traces   of  the   disturbance 
on  the  W-N  S  record. 

21.  A  small  disturbance.  The  phases  are  not 
well  defined. 

22.  A  distinct  shock,  P  not  plainly  marked. 
Distance  is  probably  accurate. 

23.  Principal  movement  E-W.  Recorded  on 
Wiechert  sheet,  but  times  are  unobtainable  as 
signals  were  out  of  order.  Distance  probably 
accurate. 

24.  The  record  is  typical  of  a  distant  shock. 
Not  recorded  on  W-N  S.  Direction  of  Movement 
is  E-W.     Distance  is  reasonably  accurate. 

25.  The  W-N  S  record  is  not  satisfactory. 
Evidently  pendulum  was  not  free.  The  long 
waves  show  short  period  waves  superposed  on 
them.  Heavy  tremors  appear  in  E-W  record 
23  h  26  m  to  23  h  27  m.  Distance  is  probably 
accurate. 

26.  Probably  a  distant  shock  of  small  inten- 
sity. Long  waves  seem  to  be  repeated  at  i  h 
20  m — I  h  25  m  and  again  at  i  h  53  m — 2  h  o  m. 
B-N  S  record  is  somewhat  uncertain.  Not  re- 
corded on  W-N  S. 

27.  S  not  distinguishable.  Main  shock  con- 
sists of  a  series  of  separate  pulses,  the  heavest 
beginning  at  i  h  0.3  m,  lasting  until  i  h  2. 1  m. 
Then  only  small  tremors  until  tremors  of  moder- 
ate amplitude  begin  at  i  h  26.0m ;  these  have  a 
period  of  about  25  sec.  and  continue  until  i  h 
29.3  m.  Then  another  shock  of  greater  ampli- 
tude from  I  h  32.6m  to  i  h  34.2  m.  Then  a 
final  shock  beginning  at  i  h  36.0  m  lasting  until 
I  h  40.3  m,  with  period  of  15  sec.  and  maximum 
amplitude  of  6  mm.  Direction  of  shock  almost 
entirely  E-W.  Only  very  faint  traces  were  ob- 
served in  the  W-N  S. 

30.  A  small  disturbance,  very  faint  traces 
in  W-E  W  record. 

31.  A  single  shock  of  short  duration,  direc- 
tion of  travel  probably  S  E-N  W. 

32.  Very  slight  traces  of  this  shock  on  the 
E-W  Wiechert  record. 

33.  Times  of  S  are  uncertain.  Direction  of 
movement  mainly  N-S.  Time  signals  missing  on 
E-W  Wiechert. 

34.  This  shock  consists  of  a  single  impulse. 
Direction  of  movement  nearly  E-W. 

35.  A  very  feeble  shock  with  two  impulses. 
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Direction  probably  nearly  N-S.     Traces  of  this 
shock  on  the  W'iechcrt  record. 

36.  A  very  feeble  shock,  consists  of  small 
amplitude  and  short  period  waves,  period  of 
waves  gradually  lengthens. 

38.  Somewhat  similar  to  microseisms,  but 
period  if;  longer  (10  sec.).  There  are  faint  traces 
of  this  shock  on  the  Wiechert  record. 

39.  A  single  strong  impulse  in  the  B-E  W 
record.  The  long  waves  are  irregular  with  small 
amplitude  (1.5  mm).  The  single  pulse  is  not 
conspicuous  on  Wiechert  record,  hence  this  may 
be  due  to  swing  of  pendulum  on  Strassburg 
apparatus. 

40.  Direction  of  movement  nearly  N-S.  A 
curious  movement  of  short  period  waves  begins 
at  22  h  16.7  m  (N-S),  continuing  for  about  5 
min.  This  begins  about  3  min.  later  in  E-W 
component. 

41.  Direction  nearly  N-S.  Two  impulses 
separated  by  about  i  min.,  followed  by 
a  few  small  amplitude  vibrations,  developing  into 
the  usual  tail.  N-S  component  probably  strong- 
er.    Distance  uncertain. 

42.  -A.  very  slight  disturbance,  not  recorded 
on  any  other  instrument. 

43.  Direction  N  W-S  E.  The  preliminaries 
are  faint.  Two  or  more  fairly  distinct  shocks 
followed  by  several  of  smaller  intensity.  Dis- 
tance is  reasonably  accurate. 

44.  A  long  series  of  waves  with  period  10-15 
sec.  The  phases  are  indistinguishable,  the  times 
given  for  them  are  probably  incorrect. 

45.  Phases  not  clearly  distinguishable,  hence 
distance  is  uncertain.  Major  portion  of  re- 
cord is  a  series  of  sine  curves.  Recorded  on 
W-N  S  but  time  signals  are  uncertain. 

46.  Owing  to  continuous  microseisms  during 
the  day,  P  and  S  can  not  be  distinguished.  Only 
very  slight  traces  in  N-S  records.  Times  are 
somewhat  uncertain  owing  to  missing  clock  sig- 
nals. 

47.  P  and  S  ver)-  uncertain.  Shock  begins 
suddenly,  in  full  force  without  any  preliminaries 
in  N-S  components.  This  continues  in  a  series 
of  impulses. 

48.  A  long  series  of  tremors ;  phases  cannot 
be  distinguished,  hence  recorded  times  may  be 


incorrect.     W-E  W  times  are  probably  the  most 
accurate.     Microseisms  begin  after  this  shock. 

49.  A  small  disturbance,  phases  not  well  de- 
fined. 

50.  A  very  slight  disturbance,  movement 
principally  E-W. 

51.  This  is  the  Turkestan  Earthquake. 
The  phases  are  quite  distinct  and  distance  is  cor- 
respondingly accurate. 

52.  Small  shock,  waves  of  very  short  dura- 
tion. Principally  in  E-W  direction.  Distance  is 
uncertain. 

53.  Phases  are  not  distinctly  marked,  hence 
times  given  may  be  incorrect.  Shock  consists 
mainly  of  slow  waves  of  small  amplitude. 

54.  A  small  disturbance.  Time  of  L  is  un- 
certain. Only  faint  traces  in  W-E  W  record. 
Distance  is  uncertain. 

55.  A  very  small  disturbance,  consisting  of  a 
sharp  impulse  followed  by  tremors.  Faint  traces 
in  W-N  S  record.  Phases  are  not  well  marked, 
hence  distance  is  uncertain. 

56.  A  single  strong  impulse,  followed  by  a 
long  tail.  Possibly  a  second  impulse  occurred 
0.7  min.  after  the  first,  but  this  is  not  certain. 
Time  signals  not  working  perfectly,  but  B  times 
are  very  close.  Recorded  on  Wiechert  instru- 
ment, but  no  times  can  be  read. 

57.  A  very  small  disturbance,  no  preliminaries 
visible. 

58.  A  succession  of  waves  of  very  small  am- 
plitude and  period,  not  seen  on  Wiechert  records. 

59.  This  shock  occured  near  the  city  of  Mexi- 
co. Probably  the  heaviest  shock  recorded  at  this 
station.  Both  Strassburg  pendulums  swung 
off  the  sheets ;  hence  M  and  maximum  am- 
plitude are  unknown.  Distance  is  somewhat  un- 
certain. L  should  possibly  be  increased  by 
about  2  min.  Wiechert  records  are  fair,  but 
times  are  uncertain  as  in  all  severe  shocks,  as 
time  signals  are  lost.  W-N-S  pen  not  free,  hence 
this  record  is  incomplete. 

60.  Preliminaries  are  fairly  well  marked,  but 
the  long  waves  are  broken  into  groups,  possibly 
an  interference  eflfect. 

61.  The  California  Earthquake.  Preliminar- 
ies are  not  well  marked.  No  trace  whatever  on 
Wiechert  record ;  instrument  apparently  in  good 
adjustment. 
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62.  This  shock  begins  with  a  group  of  sharp 
tremors  (P),  which  last  for  about  1.5  min.,  then 
die  out  completely  in  the  E-W  component,  but 
continuing  in  the  N-S  until  23  h,  then  both  sheets 
show  sinusoid  curve  of  small  amplitude.  The 
phases  are  not  disting-uishable.  No  record  on 
Wiechert  instrument. 

63.  A  long  series  of  long  period  tremors. 
W-N  S  record  is  illegible.  Phase  L,  is  not  well 
marked. 

64.  P  and  S  uncertain,  a  very  feeble  shock. 
The  main  waves  consist  of  a  single  swing. 
Only  the  faintest  traces  on  W-N  S  record. 

65.  A  series  of  very  irregular  tremors  of  small 
amplitude.     Not  seen  on  Wiechert  records. 

66.  Direction  nearly  E-W.  Times  of  pre- 
liminary tremors  are  uncertain.  W-N  S  record 
consists  of  a  few  isolated  vibrations. 

67.  A  small  shock.  Main  waves  are  very 
irregular.  W-N  S  record  is  illegible.  Distance 
fairly  accurate. 

68.  Earthquake  occurred  in  Hayti.  Phases 
cannot  be  clearly  distinguished  and  determination 
of  distance  is  not  accurate.  First  portion  of  main 
waves  are  irregular,  later  portion  regular  and 
with  short  period    (15-20  sec). 

69.  A  series  of  sinusoid  curves  visible  only 
on  B-E  W. 

70.  No  preliminaries  visible.  A  small  distur- 
bance, tremors  of  short  period. 

71.  Preliminaries  not  determined  owing  to 
continuous  irregular  tremors  during  the  day.  No 
traces  of  the  shock  on  Wiechert  record. 

72.  Phases  are  very  uncertain  owing  to 
tremors  during  the  day.  Times  of  B-N  S  are 
probably  the  most  accurate.  No  traces  of  shock 
in  W-E  W  record. 

73.  A  small  disturbance.  No  preliminaries 
visible. 

74.  The  Mexican  Earthquake.  A  strong 
shock.  Preliminaries  are  well  defined.  Pen  on 
B-E  W  swung  off  sheet  at  13  h  34.8  m,  returning 
at  13  h  45.2  m.  W-E  W  record  is  defective  as 
pendulum  was  not  free. 

75..  A  series  of  sinusoid  curves,  beginning 
and  ending  gradually. 

76.  The  main  waves  consist  of  a  series  of 
sine  curves.     Preliminaries  not  well  determined. 


Times  given  by  B-E  W  and  W-N  S  are  probably 
the  most  accurate. 

The  equipment  of  this  station  affords  a  good 
opportunity  for  a  comparison  of  the  Wiechert 
and  Bosch  instruments. 

The  Wiechert  Vertical  Seismograph  has  so  far 
proved  generally  unsatisfactory.  During  the  pe- 
riod of  which  the  observations  are  a  record  not  a 
single  disturbance  was  recorded.  Even  in  the 
most  severe  (Mexican)  shock  of  June  6,  191 1, 
there  was  not  the  least  trace  of  move- 
ment. Considerable  time  lias  been  spent  in  at- 
tempting to  adjust  this  apparatus  but  with- 
out much  effect.  Possibly  the  instrument  is 
still  out  of  adjustment,  but  as  there  is 
nothing  in  its  design  to  indicate  when  it  is  in 
adjustment,  our  attempts  liave  been  confined  to 
trial  methods,  the  results  of  which  have  been  only 
partially  successful.  Since  the  beginning  of  this 
year  two  very  small  records  have  been  obtained. 
Apparently  the  instrument  lacks  sensitiveness. 

Comparing  the  Wiechert  Horizontal  Siesmo- 
graph  with  the  Strassburg  Tromometers,  the  lat- 
ter type  of  instrument  has  proven  more  satisfac- 
tory fbr  the  following  reasons.  It  is  decidedly 
more  sensitive,  and  in  practically  all  cases  of 
near  and  distant  shocks  the  records  are 
more  legible,  and  are  probably  more  accu- 
rate. There  has  been  very  little  record- 
ed on  the  Wiechert  instruments  that  has 
not  been  recorded  also  on  the  Bosch  Tromo- 
meters. The  reverse  of  this  is  however  not  true. 
Microseisms  have  been  recorded  many  times  on 
the  Bosch  instruments,  of  which  there  was  not 
the  slightest  trace  on  the  Wiechert  instruments. 
The  most  serious  fault  of  the  Wiechert  instru- 
ments, in  addition  to  that  already  mentioned,  is 
one  of  design.  Namely  that  the  earthquake  rec- 
ord and  the  time  signals  are  both  made  by  the 
same  recording  point.  If  the  shock  is  a  severe 
one,  the  time  signals  become  completely  obliter- 
ated, and  the  times  of  the  phases  cannot  always 
be  determined.  In  addition  the  rate  of  the  driv- 
ing clock  is  so  very  irregular  that  the  times  can- 
not be  estimated  to  within  a  quarter  of  a  minute 
after  an  interval  of  five  minutes. 

In  the  beginning,  the  Bosch  instruments  were 
not  completely  adjusted,  hence  the  periods  of  the 
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two  pendulums  differ  considerably ;  the  East  and 
West  being  14.5  seconds,  and  the  North  and 
Soutli  9  seconds.  These  instruments  have  been 
used  without  damping,  the  object  being  to  se- 
cure as  large  an  oscillation  as  possible.     The  de- 


pciidulum  is  certainly  not  an  ideal  one,  for  re- 
sulting from  the  design  of  the  apparatus  the 
damping  effect  increases  with  the  amplitude 
of  the  swing,  instead  of  remaining  constant.  It 
occurs  to  the  writer  that  a  more  satisfactory  dc- 


PLATE  XI.      THE  W  lECHERT  HORIZOXTAL  SEISMOGRAPH 


sirablity  of  this  is  obvious,  but  it  is  evident  that 
it  must  be  partially  offset  by  the  frequent  loss 
in  accuracy  resulting  from  the  impossibility  of 
differentiating  the  phases  of  the  shock  owing  to 
the  continued  swing  of  the  undamped  pendulum. 
The  arrangement  of  damping  the  swing  of  the 


vice  would  be  something  in  the  nature  of  a  small 
vane  or  disk  attached  to  the  pendulum  in  such  a 
manner  that  the  vane  would  move  in  a  liquid  of 
suitable  density,  the  amount  of  damping  be- 
ing regulated  by  the  size  and  position  of  the 
vane,  or  bv  the  densitv  of  the  fluid. 
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The  period  of  vibration  of  the  pendulum  in  the 
Wiechert  Horizontal  Seismograph  is  about  4  sec- 
onds. This  instrument  has  been  used  with 
damping,    the    damping    device    seems    to    be 


two  components  of  the  Wiechert  Horizontal 
Seismograph  appear  to  be  of  unequal  sensitive- 
ness. In  studying  the  record  of  microseisms  it 
will  be  noted  that  when  recorded  by  this  instru- 


satisfactory.     The  system  of  levers  by  which  the     ment  the  record  in  the  great  majority  of  cases 


PLATE  XII.     WIECHERT  VERTICAL  SEISMOGRAPH. 


motion  of  the  steady  mass  is  communicated  to 
the  recording  point  is  rather  complicated  and 
apparently  does  not  always  perform  satisfactorily. 
This  is  evidenced  by  the  occasional  absence  of  all 
traces  of  movement  on  the  Wiechert  record 
when  shocks  of  moderate  intensity  have  been  re- 
corded    on     the     Bosch      instruments.         The 


has  been  with  the  North  and  South  component, 
and  when  recorded  by  both  components  the  North 
and  South  record  has  been  the  stronger.  Al- 
though this  has  been  the  rule,  there  have  been 
exceptions  to  it,  in  which  the  East  and  West 
component  was  the  stronger. 

The  registration  in  all  instruments  is  mechani- 
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cal,  upon  smoked  paper.  The  rate  of  movement 
for  the  Bosch  Tromometers  is  15  millimeters  to 
one  minute.  For  the  Wiechcrt  instrument  it  is 
10  millimeters  to  one  minute.  Other  observers 
have  noted  the  desirability  of  recording  the  times 
with  an  accuracy  of  a  single  second.  It  seems 
doubtful  if  it  will  be  possible  to  do  this  in  general. 
In  some  cases  such  accuracy  may  be  occasionally 
reached,  but  in  the  great  majority  of  cases  the 
beginning  of  the  movement  is  so  gradual,  and  is 
frequently  so  completely  masked  by  the  vibra- 
tions of  the  pendulum,  that  although  it  might  be 
possible  mechanically  to  read  the  times  with  this 
accuracy,  the  result  would  be  entirely  illusory. 
Hence  the  times  have  been  recorded  to  the  near- 
est tenth-minute  only. 

MICROSEISMS. 

In  addition  to  the  true  earthquakes,  and  the 
local  disturbances  caused  by  street  traffic,  rail- 
way trains,  etc.,  the  seismograph  records  a  pecu- 
liar species  of  very  small  vibrations  known  as 
"pulsatory  oscillations,"  "microseismic  unrest," 
or  briefly  "microseisms."  The  term  mi- 
croseisms  will  thus  be  understood  to  include  all 
pulsatory  disturbances  not  directly  traceable  to 
what  are  ordinarily  known  as  earthquakes,  and 
to  local  disturbances  due  to  traffic,  etc. 

The  microseisms  appear  on  the  seismogram 
as  small  amplitude  vibrations  of  regular  or  irreg- 
ular period,  continuing  without  interruption  for 
hours,  and  frequently  for  days.  Many  prominent 
seismologists  have  studied  these  disturbances  with 
some  care,  but  without  being  able  to  arrive  at  any 
really  satisfactory  explanation  of  the  cause  of 
the  phenomenon.  It  has  been  found  at  this,  as 
at  other  stations,  that  local  winds,  temperature 
changes,  and  pressure  gradients  appear  to  be 
without  direct  effect  in  producing  these  distur- 
bances. It  has  been  observed  here  as  well  as 
elsewhere  that  the  microseisms  are  more  fre- 
quently seen  in  the  winter  season  than  in  the 
summer. 

At  this  observatory  the  record  of  microseisms 
is  somewhat  embarrassed  by  the  tremors  and  dis- 
turbances produced  by  passing  railway  trains. 
Although  in  general  the  record  of  passing  trains 
is  simply  a  thickening  of  the  line  traced  by  the  re- 
cording point,  produced  by  very  short  period  vi- 


brations of  very  small  amplitude,  lasting  from 
0.5  to  2  minutes,  there  will  be  frequently  pro- 
duced vibrations  of  longer  period  and  larger 
amplitude  closely  resembling  microseisms.  This 
effect  has  generally  been  noticed  when  the  mi- 
croseisms are  of  small  intensity,  and  one  receives 
the  impression  that  the  surface  of  the  ground 
is  in  such  a  condition  of  equlibrium  that  the  least 
impulse  will  cause  it  to  commence  vibrating. 
At  such  times  the  train  disturbances  can  easily  be 
mistaken  for  microseisms. 

Klotz  has  found  that  the  microseisms  observed 
at  Ottawa  are  accompanied  by  the  presence  of  a 
low  pressure  area  over  the  Gulf  of  St.  Lawrence 
and  surrounded  by  fairly  steep  gradients ;  with 
increased  intensity  of  the  microseisms  if  there 
is  at  the  same  time  a  high  pressure  area  on  the 
Atlantic  coast  north  of  Florida. 

Wiechert  and  Linke,  the  latter  from  observa- 
tions made  at  Apia  in  the  Pacific  ocean,  have  con- 
cluded that  in  the  microseisms  we  have  to  do  with 
the  oscillations  set  up  by  the  pounding  of  the 
surf  on  the  shore  of  the  ocean.  While  this  may 
be  true  regarding  microseisms  observed  at  Apia, 
it  will  hardly  be  believed  that  the  ocean  surf  can 
have  an  effect  in  any  way  appreciable  at  Ann 
Arbor,  which  is  situated  more  than  850  km  from 
the  nearest  sea  coast. 

Following  out  Klotz'  hypothesis  a  comparison 
was  made  between  the  weather  maps  and  the 
dates  on  which  microseisms  had  been  observed 
at  Ann  Arbor.  There  is  some  evidence  of  corre- 
lation between  the  prevalence  of  lows  over  the 
Gulf  of  St.  Lawrence  and  the  microseisms  at  Ann 
Arbor.  That  is,  during  months  when  lows  over 
the  Gulf  are  numerous,  microseisms  w411  be  found 
frequent  at  Ann  Arbor.  However  there  are  oc- 
casions when  strong  microseisms  were  recorded 
here  during  the  absence  of  a  low  over  the  Gulf. 
Similarly  lows  w-ere  found  over  the  Gulf  when  no 
microseisms  were  recorded.  The  period  during 
which  observations  have  been  made  is  rather 
short,  and  comparisons  should  be  extended  over 
a  longer  period  before  a  definite  conclusion  can 
be  reached. 

The  microseisms  recorded  at  this  observatory 
seem  to  be  somewhat  sharply  divided  into  two 
classes.     The  regular  or  usual  type  with  period 
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of  vibration  7-8  seconds,  and  those  with  irregular 
period. 

The  microseisms  of  the  regular  type  are  the 
more  numerous.  They  commence  gradually, 
with  the  appearance  of  scattered  groups  of  vi- 
brations of  small  amplitude  (Fig.  i,  Plate  XIII). 
This  group  arrangement  of  the  vibrations  is 
quite  characteristic  of  the  regular  microseisms. 
The  amplitude  of  the  vibration  increases,  reaches 
a  maximum  and  then  diminishes,  the  whole  last- 
ing about  a  minute ;  the  groups  recurring  more  or 
less  regularly  at  intervals  of  two  or  three  minutes. 
The  appearance  seems  to  indicate  either  that  it  is 
an  interference  effect,  or  that  the  disturbing 
force  acts  in  a  series  of  impulses  of  about  equal 
intensity  but  of  slightly  irregular  period.  After 
the  maximum  amplitude  has  been  reached  (usu- 
ally about  0.5  mm),  the  microseisms  may  con- 
tinue for  a  few  hours  or  for  one  or  more  days, 
sometimes  maintaining  a  constant  intensity,  some- 
times decreasing  for  a  while  and  then  increasing 
again.  The  ending  of  the  period  is  usually  the 
reverse  of  the  beginning,  the  tremors  becoming 
less  numerous,  with  smaller  amplitudes  until  they 
finally  cease  altogether.  (Fig  2,  Plate  XIII).  So 
far  the  sudden  beginning  or  ending  of  a  period 
of  microseisms  has  not  been  observed. 

The  grouping  effect  is  conspicuous  on  the 
Wiechert  records.  The  groups  are  more  sharply 
defined  than  on  the  Bosch  records,  that  is,  the 
recording  point  comes  to  a  period  of  absolute 
rest  between  the  groups  of  microseisms,  while  the 
beginning  and  ending  of  each  group  is  quite 
abrupt.  This  is  doubtless  a  damping  effect. 
It  is  rather  curious  that  the  vibrations  in  these 
groups  on  the  Wiechert  record  are  sometimes 
decidedly  irregular,  and  at  other  times  are  quite 
regular.  The  Bosch  record  is  however  the  same 
at  both  times,  and  nothing  can  be  learned  from 
it  regarding  the  kind  of  "regular"  microseisms 
that  will  be  found  on  the  Wiechert  record. 

The  irregular  microseisms  occur  less  frequently 
than  the  regular.  They  show  nothing  of  the 
group  arrangement,  but  consist  simply  of  con- 
tinuous vibrations  of  irregular  period  and  un- 
equal ampHtude  (Fig.  3,  and  4,  plate  XIII).  Sim- 
ilar to  the  regular  microseisms  just  described, 
they  commence  and  end  gradually.  Rather 
strangely  microseisms  of  this  class  are  rarely  re- 


corded by  the  Wiechert  instruments;  even  when 
very  strong  movement  has  been  recorded  on  the 
Bosch  records,  there  is  not  the  least  trace  of  this 
on  the  Wiechert  record.  For  recording  micro- 
seisms the  Bosch  instruments  at  this  observatory 
are  decidedly  superior  to  the  Wiechert. 

Apparently  there  are  two  causes  at  work  pro- 
ducing these  two  classes  of  tremors.  On  several 
occasions,  particularly  November  20-21,  29-30, 
191 1,  the  records  show  the  irregular  microseisms 
decreasing  in  intensity,  while  simultaneously  the 
regular  microseisms  begin,  with  the  appearance 
of  occasional  groups  of  tremors  interspaced 
among  the  irregular  vibrations.  The  groups 
gradually  become  more  numerous,  while  the 
irregular  microseisms  diminish  in  intensity  and 
finally  disappear. 

In  the  list  given  below,  are  noted  data  con- 
cerning the  microseisms  recorded  by  the  seismo- 
graphs at  this  observatory.  As  has  been  noted 
before,  all  times  given  are  Central  Standard  Time, 
midnight  to  midnight.  The  seismograph  sheets 
are  renewed  daily  at  about  8  hrs.  (8  a.  m.),  hence 
the  "seismograph  day"  can  be  considered  as  be- 
ginning at  this  time. 


RECORD   OF   MICROSEISMS. 

iQog. 

Sept.  8-9. 
Microseisms  of  moderate  intensity  recorded  on  B  —  E 
W.     Period    of    vibration    about   8   sec,    amplitude 
0.5  mm. 
Sept.  9-10. 
Microseisms    similar    to    above    but    less    numerous. 
Traces  of  these  are  shown  on  the  B  —  N  S  record. 
Sept.  12-13. 

Microseisms   similar,   but  not   recorded   on   B  —  N  S. 
Sept.  13-19. 
Similar  microseisms   recorded  during  all  this  period 
on  B  —  EW,  and  occasionally  on  B  —  N  S.    These 
are  generally  of  short  period  and  small  amplitude. 
Sept.  20-22. 
Numerous   microseisms   during   this   period   recorded 
in  B  — E  W.     Small  amplitude. 
Sept.  24-26. 
Similar   to    above,    with   occasional    traces   of    move- 
ment on  B  —  N  S. 
Oct.  5-10. 

Numerous  microseisms  during  this  period,  very  small 
amplitude.    Traces  of  movement  on  B  — •  N  S. 


Fig 


Fig.  3 


Fig.  4 


PLATE  XIII. 


FIG.    I.      B — EW.      JANUARY   20-21,    ipil. 
FIG.  2.     B — NS.     NOVEMBER  26-2;,  igil. 


FIG.  3. 
FIG.  4. 


-EW.     DECEMBER  27-28,   191 1. 
-NS.     NOVEMBER  I2-13,  191I. 
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Oct.  12-13. 
Both  B  —  E  W  and  B  —  N  S  records  show  irregular 
wave-like    motion.    This    is    practically    continuous 
during  the  day,  and  of  longer  period  than  the  regu- 
lar microseisms.     High  winds. 
Oct.   15-16. 
Both  Bosch  components  show  numerous  microseisms 
of  small  amplitude. 
Oct.  22-23. 

Occasional  microseisms  on  both  Bosch  records. 
Oct.  26-29. 
Microseisms  of  small  amplitude  are  almost  continuous 
during  the  day.     Distinct  traces  on   W  —  NS   re- 
cord. 
Nov.  6-7. 
Microseisms    continuous   during    this    period.     Inten- 
sity nearly   equal   on   Bosch   records,   but   stronger 
in  W  — •  N  S  than  W  —  E  W,  small  amplitude. 
Nov.  lo-ii. 

Microseisms  during  second  half  of  this  period.    These 
are    quite    pronounced,    and    stronger    on    B — EW 
than  B — NS.     Show  only  very  slightly  on  Wiechert 
records,  in  contrast  to  preceding  period. 
Nov.  11-12. 
Microseisms  continue,  but  gradually  die   out  by   the 
end  of  this  period. 
Nov.  24-25. 
Microseisms    of   considerable   amplitude.     More   con- 
spicuous on  B  —  E  W  than  B  —  N  S.    Conspicuous 
on  W  — NS,  with  traces  on  W— EW. 
Dec.  5-6. 
Continuous   tremors   during  the   day.    These   are   of 
irregular  period  and  small  amplitude,  although  some 
are   as  great   as  0.5  mm.    These   tremors   are   par- 
ticularly noticeable  on  the   B  —  NS   record.     Only 
very   faint   traces   on   Wiechert   records.    Tremors 
gradually  subside  during  A.  M.  of  the  6th. 
Dec.  7-8. 
Tremors  similar  to  above  beginning  about  15  hrs  on 
the  7th,  and  continuing  through  the  next  day. 
Dec.  8-9. 

Tremors  continued  from  the  day  before.  These 
have  become  very  prenounced.  Amplitude  as 
great  as  0.5  mm,  period  very  irregular.  These  vi- 
brations in  no  way  resemble  the  ordinary  micro- 
seisms, being  much  more  irregular,  and  continuing 
for  hours  at  a  time.  Maximum  disturbance  seems 
to  be  at  about  18  hrs  on  the  8th.  Slightly  more 
conspicuous  on  the  B  —  N  S  record  than  on  the 
E  W  component.  Tremors  seem  to  be  absent  from 
W —  EW  record,  only  the  faintest  traces  on 
W  — NS. 
Dec.  9-10. 
Tremors  continued.  Probably  a  small  shock  beginn- 
ing gda  lohrs  32m  continuing  until  11  hrs  3m. 
This  is  simply  a  series  of  waves  of  0.5  mm  ampli- 
tude, and  about  15  sec.  period.  Not  shown  on 
B — NS,  but  is  conspicuous  on  B — E  W  and  shows 
distinctly  on  both  Wiechert  records. 


Dec.    lo-ii. 
Continuation  of  these  tremors,  but  gradually  dimin- 
ishing in   intensity. 
Dec.  12-13. 
Microseisms  of  the  usual  type,  amplitude  very  small. 
Faint  traces  on  the  Wiechert  records. 
Dec.  17-19. 
Microseisms    of    small    amplitude    recorded    on    both 
Bosch  records.    The  period  on   N  S  record  is  dis- 
tinctly longer  than  on  EW;  may  be  due  to  inter- 
ference with  the  pendulum  swing. 
Dec.   19-20. 
Microseisms   of   small   amplitude   during  this   period. 
More    conspicuous    on    B  —  N  S    than    B  —  E  W. 
(This   is   unusual).     Not   visible   on    Wiechert    re- 
cords. 
Dec.  26-27. 

Conspicuous    microseisms    on    both    Bosch    records. 
Slight  traces  on  Wiechert  records. 
Dec.  28-31. 
Strong  microseisms  during  the  beginning  of  this  per- 
iod; these  gradually  diminish  in  intensity.     Visible 
on  both  Wiechert  records. 
1910. 
Jan.  I. 

Strong  microseisms,  very  conspicuous  on  the  B — EW 
record.     Traces  on  both  Wiechert  records.     These 
microseisms    preceded    the    earthquake    elsewhere 
recorded. 
Jan.   1-3. 
Very   slight   traces  of  microseisms   after   yesterday's 
shock,   becoming  stronger  on   the  3rd.    These   are 
more  prominent  on  the  B  —  E  W  and  W  —  N  S  re- 
cords. 
Jan.   10-13. 

Slight  traces  of  microseisms  on  Bosch  records. 
Jan.  25. 

Small   disturbance    at    16'hrs    lomin,   lasting   1.8 min. 
This  is  recorded  on  both  Wiechert  sheets  but  not 
at  all  on  Bosch  records,  and  may  be  due  to  the  pre- 
sence of  visitors  in  the  seismograph  room. 
Jan.  27-30. 

Slight  traces  of  microseisms  during  this  period. 
Feb.  9-10. 
Microseisms   during   this   period.    More   conspicuous 
on    the    B  — EW,    and    W— NS    records.    Faint 
traces  have  been  visible  for  several  days  previous  to 
this. 
Mar.  11-12. 
Microseisms    of    considerable    intensity    during    this 
period.    These   are   conspicuous   on   the    W  —  NS 
record,  but  are  absent  from  the  W  —  EW.     EW 
component  is  the  more  prominent  on  the  Bosch  re- 
cords. 
Apr.  3-4. 

Occasional  tremors  of  small  intensity. 
Apr.  15-16. 

Similar  to  above. 
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May.  11-12. 
Slight  tremors  on  the  Bosch  records  beginning  12  da 
3hrs    lomin    and    continuing    until    3  hrs    26min. 
Traces  of  these  on  Wiechert  record. 
Jun.  15-16. 

Slight  microseisms  on  both  EW  records  preceding 
shock  of  this  date. 
Jun.  16-17. 

Microseisms  of  small   intensity  frequent  during  this 
period. 
July  17-18. 

Occasional  microseisms  of  small  intensity  during  this 
period. 
.\ug.  25-27. 

Similar  to   above.     Some   of   these   tremors   may   be 
caused  by  passing  traffic,  as  the  train  disturbances 
are  unusually  prominent. 
Sept.  18-20. 
Mcroseisms  of   small  amplitude  which  become  more 
numerous  towards  the  end  of  this  period. 
Oct.  3-4- 
Traces   of    microseisms   on    all    records,    very    small 
amplitude. 
Oct.  11-14. 
Microseisms    during  this    period.     These   begin    with 
small  amplitude,  growing  stronger  and  reaching  a 
maximum    on    the    13th,    then    diminishing.     These 
tremors    are   conspicuous    on   both    Bosch    records, 
but  only  faint  traces  on  the  Wiechert  records. 
Oct.  14-17. 
Occasional  microseisms  of  small  amplitude  on  Bosch 
records. 
Oct.  18-22. 
Microseisms    of    moderate    amplitude    on    Bosch    re- 
cords,  faint   traces   of   these  on  the   Wiechert   re- 
cords. 
Oct.  24-25. 

Strong  microseisms  beginning  on  the  25th.    Conspicu- 
ous  on   both   Bosch   and    W  —  N  S    records,    faint 
traces  on  the  W  —  EW  record. 
Oct.  25-  27. 

Strong  microseisms  continued,  intensity  beginning  to 
decrease.     None  recorded'  after  the  morning  of  the 
27th. 
Oct.  27-28. 

Strong    microseisms    again,    beginning    on    the    27th. 
Conspicuous  on  the  Bosch  and  W  —  NS  records. 
Nov.  9-12. 
Occasional  microseisms  during  the  early  part  of  this 
period,  becoming  stronger  on  the   12th.     Recorded 
with  both  Bosch,   and  W  —  N  S. 
Nov.  i6-ig. 

Occasional   microseisms   during  this   period. 
Nov.  23-24. 
Occasional  microseisms  of  moderate  intensity  on  the 
Bosch    records.       These   are   very   conspicuous   on 
the   W — EW    record    (rare),    and    much    resemble 
a  succession  of  small  shocks  during  the  day. 


Nov.  24-25. 

Similar  to  above. 
Nov.  26-27. 
Microseisms    conspicuous    on   the   Wiechert    records. 
These  are  quite  irregular  and  in  no  way  similar  to 
those  usually  recorded  on  the  Bosch  sheets. 
Nov.  27-28. 

Similar  to  above,  but  with   decreasing  intensity. 
Nov.  28-29. 
Traces  of  microseisms  on  the  Bosch  records.    These 
are  conspicuous  on  the  W  ^  E  W  record.    Traces 
on  W  —  N  S. 
Nov.  30-1. 

Conspicuous    microseisms    on    Weichert    records,    of 
moderate  intensitj-  on  Bosoh  records. 
Dec.  1-5. 
Microseisms  of  moderate  amplitude  during  this  per- 
iod on  Bosch  records.    These  are  occasionally  con- 
spicuous on   the   W  —  E  W   record,   and  are   much 
more  irregular  than  on  the  Bosch.     This  may  be  an 
instrumental  effect. 
Dec.  7-8. 
Tremors  have  been  continuous  until  this  date.     The 
character  now  changes,  the  Bosch  records  showing 
irregular  tremors  during  the  day.    This  is  especially 
prominent  on  the  E  W   record,   the  tremors  being 
very  irregular  and  continuous.     This  is  practically 
duplicated  on  the  Wiechert  sheet. 
Dec.  8-10. 

Similar   to   above,   with   a   small   shock  early  on   the 
morning  of  the  loth. 
Dec.  12-13. 
Irregular   tremors    have   continued    up   to   this   time. 
The  character  now  changes,  becoming  more  regular. 
Dec.  16-17. 

Microseisms   beginning   during  the   latter  portion   of 
this  period. 
Dec.  17-19. 

Strong  microseisms  during  the  early  portion  of  this 
period,  these  gradually  disappearing  during  the 
19th.  These  tremors  are  of  the  usual  or  "regular" 
tjpe  more  prominent  on  the  Bosch  than  on  the 
Wiechert  records.  This  would  seem  to  indicate 
that  tht  Wiechert  instrument  is  more  sensitive  to 
irregular  tremors  than  is  the  Bosch,  but  the  effect 
may  be  produced  through  interference  on  account 
of  the  periods  of  the  pendulums. 


191 1. 


Jan.  4-S. 

Continuous  irregular  tremors  during  this  period,  be- 
coming stronger  during  the  latter  portion.  These 
are  conspicuous  on  Bosch  records  but  are  not  seen 
on  the  Wiechert  sheets.  This  is  the  opposite  of 
what  has  just  been  noted  above. 
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Jan.  8-9. 

Strong  irregular  tremors   during  the   middle  portion 
of    this    period.      These    are    conspicuous    on    the 
B— EW  and  W— EW  records  with  traces  on  the 
NS  records. 
Jan.  17-18. 

Faint  traces   of   the   regular   microseisms. 
Jan.  20-21. 

Strong  irregular  tremors  beginning  during  the  even- 
ing of   tflie   20th.    These   are  very   conspicuous   on 
the    Bosch   and   W  —  E  W   records,   traces   on   the 
W  —  N  S  record. 
Jan.  21-22. 

Tremors  continued,  but  disappearing  by  the  evening  of 
the  2ist. 
Feb.  19-20. 
Traces   of  short   period   regular  microseisms   on   the 
Bosch  records. 
March  4-5. 

Short  period  microseisms  of  small  amplitude  on 
Bosch  records,  traces  of  these  on  the  Wiechert 
records. 

April  20-22. 

Short  period,  regular  microseisms  of  small  amplitude 
on  Bosch  records ;  only  the  faintest  traces  of  these 
with  Wiechert.     Gradually  disappearing  during  the 
22nd. 
July  3-4. 

Beginning  4  da  7   hrs  46  min  is  a  series  of  tremors, 
possibly  a  small  shock,  amplitude  very  small ;  this 
continues   for   about   an   hour.    Recorded   on   both 
Bosch  sheets  but  not  on  Wiechert. 
July  24-25. 

Slight  irregular  tremors  on  the  B  —  N  S  record,  but 
not  recorded  elsewhere. 
Aug.  21-22. 
Beginning  at  10  hrs  54.3  min  on  the  21st.,  a  series  of 
tremors  lasting  about  17  min,  possibly  a  small  shock. 
Seen   on   both   components   of   Bosch   records,   but 
absent  from  Wiechert. 
Sept.  7-S. 

Slight  traces  of  microseisms  on  botlh  Bosch  records. 
Sept.  8-9. 
Microseisms     continued,     slightly     stronger.      Faint 
traces  on  the  Wiechert  records. 
Oct.  2-s. 

Strong  microseisms,  continuous  and  more  conspicuous 
on  the  NS  components  of  both  sets  of  instruments 
than  on  the  EW.     These  tremors  gradually  disap- 
pear during  the  5th. 
Oct.  13-14. 

Microseisms  beginning,  become  strong  at  the  end  of 
this  period  on  all  records  but  the  W  —  EW. 


Oct.  14-16. 
Strong  microseisms  continued;  disappearing  during 
the  6th.  Tremors  are  regular  with  small  period, 
except  from  11  hrs  10  min  to  11  hrs  20  min  on  the 
14th,  during  which  time  they  are  irregular  and  with 
longer  period. 

Oct.  23-24. 

Long  period  tremors  (15—20  sec),  with  very  small 
amplitude.  The  record  has  the  appearance  of  a 
slightly  wavy  line.  This  is  conspicuous  on  the 
B  —  N  S  record.  Tremors  not  shown  on  Wiechert 
records. 

Nov.  2-3. 
Irregular  tremors   of   long  period   and   small   ampli- 
tude, prominent  on  the  B  —  N  S  record  only. 
Nov.  8-9. 
Regular  microseisms  beginning  during  the  latter  part 
of    this    period.    These    are    more    prominent    on 
B  — EW  than  on  B  —  NS  record.     Not  visible  on 
Wiechert  records. 

Nov.  9-10. 

Microseisms     continued,     but     disappearing     toward 
the  end  of  this  period. 
Nov.  11-12. 
Strong  irregular  tremors  beginning  about  6  hrs  on  the 
I2th.    These    are    nearly    continuous,    occasionally 
interrupted    by    short    period    vibrations.     Airijpli- 
tude   frequently   0.5  mm.    These   tremors   are   con- 
spicuous   on    both    Bosch    records,    but    only   the 
faintest  traces  on  the  W  —  N  S. 
Nov.  12-13. 
Tremors  continue.     B  —  N  S  record   is  the  stronger. 
Not  visible  on  Wiechert  records. 
Nov.  13-15. 

Tremors  continue,  but  with  diminished  intensity. 
Nov.  17-18. 
Continuous  irregular  tremors.    These  are  stronger  on 
B  —  E  W    record.     Not    visible    on    Wiechert    re- 
cords. 
Nov.  18-19. 
Very  strong  irregular  tremors  continuous  during  this 
period.     These   are   stronger  on   B  —  E  W   record. 
Amplitude  frequently  over  i  mm.    Wiechert  record 
is    incomplete,   but   there    are    no    traces   of   these 
tremors. 
Nov.  19-20. 

Tremors  continue,  but  with  diminished  intensity. 
Nov.  20-21. 
Tremors  continue,  but  short  period  microseisms  of 
the  regular  type  are  numerous  and  interspaced 
with  the  irregular  tremors.  This  is  of  particular 
interest;  the  short  period  microseisms  are  beginning 
while  the  irregular  tremors  are  dying  out.  Evi- 
dently tliere  are  tsvo  different  causes  at  work. 
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Nov.  25-26. 
Regular  short  period  microseisms  developing  during 
this  period  and  becoming  very  strong  at  the  end. 
Very  conspicuous  on  both  Bosch  records,  but  only 
faint  traces  on  W  —  N  S. 
Nov.  26-27. 
Verj'  strong  regular  microseisms  of  short  period  on 
both   Bosch    records,   gradually    dying   Out   on  'the 
27th.    Visible  on  W —  E  W  record. 
Nov.  29-30. 

Irregular  microseisms   beginning  at  the  end  of  this 
period,   interspaced   with   the   short  period   regular 
type.     Conspicuous  on  both  Bosch  records,  but  no 
traces  on  the  Wiechert. 
Nov.  30 — Dec.   I. 

Irregular  tremors  continued,   gradually  disappearing. 
Dec.  21-22. 
A   series  of  irregular  tremors  beginning  21  da  7  hrs 
6  min   and   continuing   until   sheets  were   changed, 
about   24  min.    This   was   probably   a   small   shock, 
amplitude  over  i  mm.    On  both  Bosch  records,  but 
only  on  W  —  E  W. 
Dec.  23. 
A  series  of  irregular  tremors  beginning  14  hrs  i  min 
and   continuing   for  two   minutes,   gradually   dying 
out.    This  is  conspicuous  on  W  —  NS  but  absent 
from  W  —  EW.     This  is  probably  a  small  shock. 
Another   follows   an  hour  later,   see   elsewhere. 


Dec.  24-25. 
Small  irregular  tremors  on  Bosch  records.     Traces  of 
these  on  W  — NS. 

Dec.  25-26. 
Small  irregular  tremors.     Not  on  Wiechert  records. 

Dec.  26-28. 
Beginning  ohrs  on  the  27th,  strong  irregular  tremors 
commence  and  become  stronger.  More  conspicuous 
on  the  B  —  E  W  record,  with  only  faint  traces  on 
W  —  N  S.  These  tremors  gradually  disappear  by 
17  hrs  on  the  28th. 

Dec.  29-30. 

Slight  irregular  tremors  on  B  —  EW  record. 
Dec.  30-31. 

Continuous   irregular  tremors  of   moderate   intensity 
on  B  —  E  W  record. 

Dec.  31 — Jan.  I. 
Very  strong  continuous  irregular  tremors.  Amplitude 
greater  than  i  mm.  Very  conspicuous  on  B  —  E  W 
record,  only  faint  traces  on  W  —  N  S.  These 
irregular  tremors  continue  in  an  almost  unbroken 
succession  during  the  month  of  January.  A  de- 
tailed account  of  these  will  be  given  in  a  subsequent 
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MISCELLANEOUS  OBSERVATORY  NOTES. 

By  W.  J.  HUSSEY  AND  R.  H.  CUR  IISS 


INTRODfCTORY. 

A  general  description  of  tlie  Observatory  and 
its  equipment  is  given  in  tlie  first  part  of  this 
volume.  The  following  paragraplis  may  be  re- 
garded as  a  continuation  of  that  account,  designed 
to  indicate .  the  more  important  additions  and 
improvements  which  have  been  made  since  it  was 
written  and  to  give  notice  of  the  principal  investi- 
gations now  in  progress. 

THE  REFLECTING  TELESCOPE. 

The  large  reflecting  telescope  was  completed  in 
May,  191 1,  and  since  that  date  it  has  been  used 
on  nearly  all  favorable  nights  for  photographing 
stellar  spectra.  The  principal  series  of  observa- 
tions, for  which  more  than  3200  spectrograms 
have  alreadj-  been  secured,  are  indicated  below. 
For  spectroscopic  work,  for  which  it  was  de- 
signed, the  efficiency  of  the  telescope  has  exceed- 
ed expectations.  A\"orking  with  an  equivalent 
focal  length  of  sixtj-  feet  and  with  a  single-prism 
spectrograph  having  a  dispersion  of  40.3  Ang- 
stroms per  millimeter  at  Hy,  satisfactory  spectro- 
grams are  obtained  with  exposures  of  six  hours 
of  stars  of  the  10.5  photographic  magnitude, 
with  accompanying  comparison  spectra.  The 
spectra  of  solar  type  stars  extend  from  about 
A  4000  to  A  5000,  and  they  are  therefore  about 
an  inch  in  length.  They  are  sharp  in  definition, 
and  although  usually  measured  under  a  magnifi- 
cation of  from  12  to  15  diameters,  they  will  if 
required  stand  somewhat  higher  powers  up  to 
about  20  diameters,  a  limit  set  ordinarily  by  the 
size  of  the  silver  grains  in  the  film. 

With  the  ability  to  carry  spectroscopic  investi- 
gations to  stars  of  the  10.5  photographic  magni- 
tude, which  is  nearly  two  magnitudes  bej-ond 
that  anticipated,  there  is  practically  an  unlimited 
amount  of  work  available  for  this  instrument. 

The  degree  of  efficiency  which  now  obtains  in 
the  use  of  this  telescope  and  spectroscope  has 
been  reached  by  a  careful  attention  to  details,  and 
to  the  removal,  as  far  as  practicable,  of  those 
imperfections    which    existed   in    the    apparatus 


when  it  was  first  installed.  In  the  beginning  the 
telescope  and  spectroscope  performed  excellently, 
but  various  modifications  suggested  by  experience 
have  been  made,  and  through  successive  correc- 
tions better  adjustments  have  been  secured, 
rendering  the  instrument  more  easily  manage- 
able and  more  efficient. 

NEW  PRISM  FOR  THE  SPECTROGRAPH. 

The  first  prism  which  was  selected  for  the 
single^rism  spectrograph  of  this  Observatory 
was  made  of  Jena  glass,  0:i02.  This  particular 
material  was  selected  because  of  the  stamp  of 
approval  which  had  been  placed  upon  it  through 
its  prolonged  use  in  several  spectrographs,  and 
because  of  the  difficulties  which  were  encountered 
at  the  Yerkes  Observatorj'  in  the  attempt  to 
employ  prism  glass  of  lower  density.  However, 
when  stellar  spectrograms  were  made  with  our 
prism  of  this  material,  it  was  recognized  at  once 
that  an  excessive  prismatic  loss  of  light  was  tak- 
ing place,  especially  in  the  important  spectral 
region  about  A  3900.  Accordingly,  on  November 
6,  1912,  a  new  prism  of  Jena  ordinary  flint  glass, 
similar  to  No.  313,  was  ordered  from  the  J.  A. 
Brashear  Company,  and  on  ]\Iay  20,  1914,  when 
our  programs  permitted,  it  was  substituted  for 
the  old  dispersion  piece.  As  a  result,  the  loss  of 
light  in  our  spectrograph  was  appreciably  re- 
duced, especially  in  the  K  region.  At  the  same 
time  the  dispersion  was  reduced  about  five  per 
cent.  The  definition  and  extent  of  field  in  good 
focus  remained  as  before.  \"elocities  determined 
with  the  new  prism  are  certainly  as  good  as  those 
obtained  with  the  old,  while  the  advantage  of 
greater  transparencj'  is  an  important  one. 

The  maker's  indices  of  refraction  for  the  glass 
of  the  new  prism  are  as  follows:  1.6209  for 
A  6563.1,  1.6259  for  ^  58932,  1.6384  for  A  4861.5, 
and  1. 6491  for  A  4308.0.  The  refracting  angle  of 
the  new  prism  is  64^  40';  length  of  face,  3.18 
inches;  length  of  base,  3.40  inches;  and  height 
of  prism,  1.70  inches.    The  deviation  at  the  Hy 
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line  is  59"".  The  dispersion  for  the  same  Hne  is 
40.3  Angstroms  per  millimeter,  whereas  for  the 
old  prism  it  is  37.9  Angstroms  per  millimeter. 

A   DEVICIv   TO   COMPENSATE    f'OR  ATMOSPHERIC 
DISPERSION. 

Spectrographic  observers  who  have  worked 
with  large  reflectors  are  well  aware  that  the 
image  of  a  star  at  considerable  zenith  distances 
is  a  spectrum,  only  one  color  of  which  may  be 
introduced  centrally  into  the  spectrograph  slit  at 
one  time,  unless  it  happens  momentarily  to  lie 
along  a  vertical  circle.  If  the  guiding  be  done  on 
a  certain  color  the  centers  of  the  images  of  the 
star  in  other  colors  will  in  general  be  continually 
on  one  side  or  the  other  of  the  slit.  Thirs,  only 
part  of  the  light  in  these  other  colors  will  enter 
the  slit,  and  on  this  account  the  extent  of  the 
spectrum  photographed  may  be  greatly  limited. 
At  the  same  time,  since  the  star  image  in  such 
other  colors  will  be  kept  systematically  ofif  center 
with  the  slit,  radial  velocities  determined  from 
lines  in  regions  of  the  spectrum  corresponding  to 
these  colors  may  be  adversely  affected.  Unfor- 
tunately these  difficulties  are  especially  great  in 
the  case  of  photographic  light,  which  the  spectro- 
scopic observer  is  especially  desirous  of  getting, 
and  obviously  the  low  dispersion  spectrograph  is 
more  especially  affected. 

In  order  to  eliminate  this  difficulty,  due  to  at- 
mospheric absorption,  a  simple  device  has  been 
tried  at  this  Observatory  by  Dr.  R.  H.  Curtiss. 
This  device  consists  of  a  small  plane  parallel 
plate  of  light  flint  glass  mounted  immediately  in 
front  of  the  spectrograph  slit  in  such  a  manner 
that  it  may  be  tipped  at  will  in  any  direction.  It 
is  well  known  that  a  ray  of  white  light  after  pas- 
sage through  a  plane  parallel  glass  plate  at  an 
angle  emerges  parallel  to  its  original  direction  but 
with  the  several  colors  relatively  displaced  by 
amounts  depending  upon  the  angle  of  incidence, 
the  optical  constants  of  the  glass,  and  the  thick- 
ness of  the  plate.  Conversely,  if  such  rays  of  the 
several  displaced  colors  be  passed  through  such 
a  plate  at  the  proper  angle  they  will  be  united 
again  into  a  single  white  ray. 

Similarly,  the  several  essentially  parallel  beams, 
corresponding  to  the  star  images,  relatively  dis- 
placed by  atmospheric  dispersion,  may  be  brought 


into  close  coincidence  and  thus  may  be  united  on 
the  slit  by  the  interposition  before  the  slit  of  a 
plane  parallel  plate  of  suitable  constants,  tipped 
about  an  axis  making  a  right  angle  with  the 
vertical. 

The  parallelepiped  used  successfully  to  com- 
pensate for  atmospheric  dispersion  in  connection 
with  our  large  reflecting  telescope  is  of  ordinary 
flint  glass,  0:i03,  with  an  index  of  refraction 
of  1.649  3t  A  4300.  The  dimensions  of  the  face 
upon  which  the  starlight  is  incident  are  two  by 
one  and  a  quarter  inches,  and  the  thickness  is 
three-fourths  of  an  inch. 

The  small  disturbance  of  the  identity  of 
source,  occurring  in  connection  with  the  use  of 
this  device,  is  not  a  consideration,  but  the  light 
lost,  chiefly  by  reflection  at  the  surfaces  of  the 
plane  parallel  plate,  amounts  to  about  twenty 
per  cent.  Accordingly,  it  will  require  some  ex- 
periment to  determine  the  circumstances  under 
which  the  advantages  attending  the  use  of  this 
device  will  outweigh  the  disadvantage  resulting 
from  the  loss  of  light. 

IMPROVEMENTS    IN    THE    DRIVING    MECHANISM    OF 
THE  LARGE  REFLECTOR. 

When  the  37j/2-inch  reflector  was  assembled, 
in  191 1,  the  various  elements  of  the  driving 
mechanism  were  set  up  substantially  as  they 
came  from  the  instrument  shop,  without  lapping, 
or  great  care  in  alignment  and  adjustment.  This, 
of  course,  was  done  intentionally,  since  it  was 
known  that  the  accuracy  of  the  driving  under 
these  circumstances  would,  for  a  limited  time  at 
least,  be  sufficient  for  spectrographic  work. 

Tests  of  the  apparent  motion  of  the  star  image 
on  the  spectrograph  slit  brought  out  many  minor 
irregularities,  a  long  period  combination  of  short 
period  terms,  and,  far  in  excess  of  all  other 
periodic  variations,  a  four-minute  oscillation 
with  a  double  amplitude,  on  the  average,  of  about 
three  and  a  half  times  the  length  of  the  spectro- 
graph slit.  The  observation  of  this  large  oscil- 
lation, having  the  same  period  as  the  worm  shaft, 
enabled  us  to  localize  the  chief  difficulty  at  once, 
but  it  was  decided  that  all  parts  of  the  driving 
train  should  be  gone  over  carefully  and  placed 
in  the  best  condition  possible. 

Two  pairs  of  very  accurate  bevel  gears  were 
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obtained  from  The  Brown  &  Sliarpe  Company, 
for  use  between  the  driving  cloci<  and  the  worm 
shaft.  Tiiese  replaced  two  pairs  of  smaller 
gears  which  had  been  cut  on  our  milling  machine. 
The  new  gears,  as  well  as  the  worm  and  worm 
wheel,  were  lapped  for  many  hours  with  suit- 
able aljrasive.  The  shaft  leading  from  the  driv- 
ing clock  to  the  worm  shaft  was  carefully  aligned 
and  was  provided  with  an  additional  supporting 
bearing  near  its  upper  end.  A  new  worm  shaft 
was  made.  The  four  differential  gears  of  the 
slow  motion  in  hour  angle  were  eliminated  from 
the  clock  train  by  the  simple  expedient  of  re- 
moving the  brake  which  forced  them  to  revolve. 
The  governor  system  was  tested  and  made  as 
efficient  as  possible.  And  subsequently  an  electric 
control  on  the  governor  shaft  was  introduced  to 
be  used  for  guiding  of  high  accuracy. 

These  various  expedients  reduced  greatly  the 
minor  irregularities  but  left  the  amplitude  of  the 
four  minute  oscillation  substantially  as  before. 
Simple  considerations  made  clear  that  the  cause 
of  this  oscillation  did  not  lie  in  the  bevel  gear  on 
the  worm  shaft,  but  that  it  was  to  be  found 
either  in  a  periodic  error  in  the  worm  or  worm 
wheel,  or  in  an  eccentricity  in  the  mounting  of 
the  worm.  In  either  case  it  was  clear  that  a 
very  small  decentering  of  the  worm  on  the  worm 
shaft  would  correct  the  difficulty  with  very  little 
expenditure  of  time.  Accordingly,  the  worm 
shaft,  upon  which  the  worm  had  been  an  accu- 
rate fit.  was  turned  down  0.014  inches,  and  the 
bearing  of  the  worm  upon  the  worm  shaft  was 
restricted  to  two  sets  of  opposing  screws  at  each 
end  of  the  worm.  By  altering  these  screws  the 
worm  was  decentered  a  very  small  amount,  by 
the  method  of  trial  and  error,  until  the  star  image 
remained  for  a  long  period  on  the  slit  and  no 
movement  which  was  certainly  periodic  was  ob- 
served. The  decentering  of  the  worm  had  no 
observable  effect  upon  its  operation  aside  from  the 
accomplishment  of  the  desired  end  of  eliminating 
its  periodic  error.  By  these  alterations  and  ad- 
justments the  driving  facilities  of  this  instrument 
have  been  made  eminently  satisfactory.  , 

NEW  DECLIXATIOX   SETTING   CIRCLE. 

When  the  large  reflector  was  installed,  a  set- 
ting scale   for  hour  angles   was   placed   on   the 


south  face  of  the  north  pier,  near  the  quick 
motion  handles.  It  is  within  a  few  feet  of  the 
observer  when  he  is  making  a  pointing  of  the 
telescope.  It  has  been  found  convenient  to  have 
an  equally  accessible  means  of  setting  in  declina- 
tion, in  addition  to  the  usual  circle  on  the  teles- 
cope. To  this  end  a  dial,  three  feet  in  diameter, 
made  of  wood  and  brass,  has  been  mounted  to 
rotate  on  a  central  pivot  immediately  above  the 
declination  fast  motion  handle.  This  dial,  which 
is  graduated  in  degrees,  is  in  eflfect  a  large  spur 
gear  with  teeth  in  mesh  with  a  small  spur  gear 
on  the  handle  shaft  of  the  declination  fast  motion. 
To  allow  for  back  lash  in  the  fast  motion  train 
two  indices  suitably  placed  are  used  for  setting 
or  reading  the  dial. 

ELECTRIC    SLOW    MOTION    IN    DECLIN.\TION. 

An  electric  slow  motion  in  declination,  con- 
trolled by  a  switch  at  the  eye  end  of  the  instru- 
ment, has  been  added  to  the  large  reflector.  A 
motor  of  one-eighth  horse  power  is  used.  It 
operates,  through  a  differential  gear,  upon  the 
large  screw  at  the  end  of  the  slow  motion  sector. 

A  PHOTOMETRIC  PLATE   HOLDER  FOR  THE  LARGE 
REFLECTOR. 

A  photometric  plate  holder,  for  use  inside  the 
Cassegrain  focus  of  the  3734-inch  Reflector,  has 
been  designed  by  Dr.  R.  H.  Curtiss,  and  con- 
structed in  the  Observatory  Shop  by  Mr.  E.  J. 
Colliau.  The  plate  holder  is  carried  by  a  double 
slide,  operated  by  racks  and  pinions,  making 
possible  the  photography  of  a  large  number  of 
intra-focal  images,  side  by  side.  A  convenient 
screw  motion  permits  accurate  adjustment  of  the 
distance  from  focus.  A  finding  and  centering 
telescope  is  also  provided.  An  electrical  shutter 
makes  convenient  the  necessary  accurately  timed 
exposures.  The  whole  apparatus  is  mounted, 
without  interference,  between  the  spectrograph 
and  the  back  of  the  mirror  cell. 

A   COMPARATOR   FOR   STAR   PHOTOGRAPHS   AND 
SPECTROGRAMS. 

A  large  comparator,  for  the  measurement  of 
rectangular  and  polar  co-ordinates,  has  been  de- 
signed by  Dr.  R.  H.  Curtiss,  and  constructed  in 
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the  Observatory  Shop  b}-  Alessrs.  H-.  J.  and  E.  J. 
ColHau.  It  is  similar  in  principle  and  scope  to 
the  standard  Gaertner  comparator,  described  and 
ilhistrated  on  page  23  of  Gaertner's  Catalogue 
A,  of  1908,  and  there  designated  as  A  1203.  The 
instrument  made  here  is  considerably  larger  than 
the  Gaertner  model,  and  will  measure  120  mm.  in 
either  co-ordinate.  The  base  resembles  that  of 
the  Hartman  Spectrocomparator,  and  the  micro- 
scope is  supported  by  lateral  arms.  The  accu- 
rate screws  are  each  of  one  millimeter  pitch,'  and 
may  be  used  with  heads  to  read  microns,  or  with 
larger  heads  which  read  to  half  microns. 

Probably  the  most  interesting  innovation  in 
the  construction  of  this  comparator  is  the  use  of 
steel  balls  as  a  substitute  for  the  main  guiding 
ways,  for  carrying  most  of  the  weight  of  the 
moving  parts.  This  relieves  the  horizontal  screw 
of  much  of  its  work  in  moving  the  carriage,  and 
reduces  wear  and  strain.  The  balls,  although  not 
held  apart  by  springs,  give  no  trouble  by  massing 
too  closely. 

This  comparator  has  been  used  extensively  as 
a  measuring  engine  for  stellar  spectrograms.  In 
this  connection  the  horizontal  screw  has  bsen 
tested  on  several  occasions  and  has  been  found 
after  much  use  to  retain  its  original  satisfactory 
accuracy.  For  work  on  spectrograms  a  third 
slide  is  mounted  on  the  position  angle  circle. 
This  slide  carries  the  spectrogram.  It  is  moved 
by  hand  and  is  easily  reversed.  This  instrument, 
though  unnecessarily  large  for  the  purpose,  has 
been  found  very  useful  and  convenient  for  the 
measurement  of  spectrograms. 

A  SECOND  MEASURING  ENGINE  FOR  SPECTROGRAMS. 

A  close  duplicate  of  Measuring  Engine,  No.  i, 
shown  on  page  52  of  this  volume,  has  been  con- 
structed by  Mr.  E.  T.  Colliau,  in  the  Observatory 
Shop.  Tlie  graduated  head  of  the  screw  of  this 
new  engine  is  mounted  between  opposing  screws, 
to  permit  decentering  the  head,  for  the  elimina- 
tion of  possible  periodic  errors  in  the  accurate 
screw  which  moves  the  plate  carriage.  However, 
the  screw  and  nut  which  Mr.  Colliau  has  made 
for  this  engine  are  so  accurate  that  this  adjust- 
ment has  not  been  necessary. 

The  accurate  screws  of  all  our  measuring  en- 
gines are  supported  in  a  line  bearing  near  the 


graduated  head,  and  in  the  moving  nut.  The 
lower  end  of  the  screw  of  each  engine  is  hardened 
and  ground  to  a  point,  which  bears  upon  a  hard- 
ened and  ground  surface,  this  contact  being  en- 
sured by  the  tension  of  a  coiled  spring,  mounted 
at  the  end  of  the  engine  bed. 

A  HARTMANN   MICROPHOTOMETER. 

A  Hartmann  microphotometer,  by  Otto 
Tocpfer  and  Son,  for  the  photographic  measure- 
ment of  surface  brightnesses,  has  recently  been 
received.  The  instrument,  as  ordered,  is  Model 
25,  provided  with  a  large  round  table,  on  which 
the  object  observed  is  moved  about  by  hand 
under  the  microscope.  Two  Lummer-Brodhun 
prisms  are  used  with  the  instrument,  the  one  with 
a  circular  reflecting  surface,  and  the  other  with 
a  narrow  vertical  reflecting  strip.  An  auxiliary 
apparatus  for  the  preparation  of  photographic 
wedges  was  also  obtained  with  the  instrument. 

As  contemplated  at  the  time  of  purchase,  a 
triple  slide  plate  support  has  been  made  in  the 
Observatory  Shop,  to  replace  the  round  table 
referred  to  above.  This  was  designed  by  Dr. 
R.  H.  Curtiss  and  constructed  by  Mr.  E.  J. 
Colliau.  Two  of  the  triple  slides  in  this  new 
attachment  provided  right  and  left  motions  for 
the  object  under  the  microscope,  a  quick  hand 
motion,  and,  for  accurate  measures,  a  slow  screw 
motion  with  a  large  graduated  head.  The  third 
slide,  which  is  operated  by  a  rack  and  pinion, 
provides  a  vertical  motion  of  the  image  in  the 
microscope  field.  The  plate  carriage  accom- 
modates plates  2/4  by  4J4  inches  and  smaller. 

The  accurate  screw  of  this  triple  slide  plate 
carriage,  which  indeed  may  be  used  as  a  measur- 
ing engine  if  desired,  is  mounted  in  a  novel  man- 
ner. Near  its  graduated  head,  the  screw  is 
supported  by  a  ball  and  socket  joint,  which  has 
been  made  and  lapped  very  carefully.  The  sec- 
ond support  of  the  screw  is  the  moving  nut, 
which  however  serves  only  as  a  guide,  since  the 
weight  of  the  screw  balances  at  the  ball  and 
socket  support.  The  lower  end  of  the  screw  is 
free  and  without  bearing,  and  the  usual  tension 
to  take  up  back  lash  is  supplied  by  a  coiled  clock 
spring.  The  advantage  of  this  form  of  screw 
mounting  over  that  in  use  in  other  engines  at  this 
Observatorv    is    found    in    a    reduction    of    the 
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cliances  of  accident  to  tlie  screw.  This  screw- 
lias  been  tested  and  has  been  found  to  possess 
the  high  order  of  accuracy  wliich  characterizes 
all  the  engine  screws  which  have  been  made  in 
the  Observatory  Shop. 

PKOCR.\MS  \vn  H  TUK  L.VRGE  REFLECTING 
TELESCOPE. 

Work  was  begun  with  the  37^ -inch  Reflecting 
Telescope  on  May  19,  191 1,  and  since  that  time  it 
lias  been  employed  almost  exclusively  for  photo- 
graphing stellar  spectra  by  means  of  the  single 
prism  spectrograph,  described  in  the  earlier  part 
of  this  volume.  More  than  3200  spectrograms 
have  been  secured,  distributed  among  the  fol- 
lowing programs: 

1.  Stars  of  Class  B,  ■zi'itli  Bright  Lines. — This 
|)rogram  was  begim  on  May  24,  191 1,  by  Dr.  R. 
H.  Curtiss.  To  the  present  nearly  all  of  the  stars 
of  this  class,  brighter  than  the  fifth  magnitude, 
have  been  observed,  and  in  some  cases  extensive 
sets  have  been  secured.  The  observations  are 
being  extended  to  fainter  stars. 

2.  The  Early  Potsdam  J'clocity  Stars,  not 
kno-ivn  to  be  Binaries. — This  program  has  been 
carried  to  completion.  The  observations  have 
been  made  for  the  most  part  by  Mr.  L.  L.  Mellor. 

3.  Long  Period  Variables. — This  program, 
now  well  imder  way,  has  been  carried  on  exclus- 
ively by  Dr.  P.  W.  Merrill. 

4.  Zone  Stars  to  the  Sixth  I'isual  Magnitude, 
between  35"^  and  40'  of  North  Declination. — 
Charts  and  other  data  have  been  prepared  for 
this  program  and  a  beginning  has  been  made  on 
the  observations. 

5.  Stars  of  Class  R. — The  spectra  of  ten  stars 
of  Class  R  are  being  investigated  by  Mr.  W.  C. 
Rufus.  In  the  course  of  this  work  several 
spectrograms  of  stars  of  photographic  magnitude 
about  10.5  have  been  made.  This  program  is 
nearing  completion. 

6.  Spectroscopic  Binaries,  Established  and 
Suspected. — The  list  of  these  objects,  arranged 
in  an  order  indicating  the  progress  of  our  obser- 
vations, is  here  given:  Delta  Ononis,  Epsilon 
Orionis,  20  Tauri,  the  components  of  Zeta  Ursae 
Majoris,  Beta  Cephei,  Beta  Lyrae,  Gamma  Lyrae. 
Gamma  Cassiopeiae,  Rho  Leonis,  R  Scuti,  Beta 
Librae,  Alpha  Ophiuchi,  g  Ursae  ]\Iajoris.  Alpha 


Cygni,  12  Canis  V'enaticorum,  and  scattering 
plates  of  other  binaries.  In  making  the  plates  of 
this  program  the  Observatory  staff  has  been 
assisted  materially  by  Dr.  0.  A.  Lindsay,  Pro- 
fes.sor  Laurence  Hadley,  Mr.  C.  C.  C.  Crump, 
and  Professor  G.  W.  Hess. 

7.  Miscellaneous  Objects. — The  miscellaneous 
objects  of  which  spectrograms  have  been  made 
include  the  following:  Nova  Geminorum  No.  2, 
Comet  Delavan,  1913/,  the  components  of  Beta 
Cygni,  several  Pleiades  stars,  several  Class  N  and 
Class  O  stars,  the  Trapezium  stars,  Saturn,  the 
moon,  and  the  sky. 

THE  IIOWELL  TELESCOPE. 

The  Honorable  J.  E.  Howell,  Vice  Chancellor 
of  the  Court  of  Chancery  of  the  State  of  New 
Jerse)',  a  graduate  of  the  Law  Department  of 
this  University,  has  recently  presented  the  Ob- 
servatory a  portable  telescope  from  his  private 
Observator)'. 

This  telescope  has  a  clear  aperture  of  4.6  inches 
and  a  focal  length  of  about  six  feet.  It  is 
equatorially  mounted,  on  a  tripod,  and  adjustable 
to  any  latitude.  The  tube  is  of  brass,  highly  pol- 
ished, and  lacquered.  It  is  provided  with  a  finder 
having  an  aperture  of  1.3  inches,  hour  and  de- 
clination circles,  clamps,  and  w^orm  gears  for 
giving  the  telescope  slow  motions  in  right  ascen- 
sion and  declination.  There  are  si.x  eye  pieces, 
having  powers  ranging  from  64  to  320  diameters. 

The  instrument  was  made  by  Benj.  Pike's  Son, 
New  York,  and  has  recently  been  put  in  excellent 
condition  by  Gall  &  Lembe.  While  in  the  posses- 
sion of  Judge  Howell,  the  objective  was  refigured 
by  John  Byrne. 

THE  L-^MOXT  REFR-\CT0R. 

^Ir.  R.  p.  Lamont,  of  Chicago,  has  provided 
the  funds  for  constructing  a  24-inch  refracting 
telescope  for  this  Observatory.  The  completion 
of  this  instrument  is  being  delayed,  owing  to  the 
difficulty  of  producing  the  glass  required  for  the 
objective.  It  was  ordered  in  February',  191 1,  and 
although  four  years  have  now  elapsed,  the  glass 
has  not  yet  been  received  by  the  opticians.  The 
latest  report  of  the  glass  makers,  at  Jena,  Ger- 
many, stated  that  the  crown  disk  had  been  made, 
and  that  they  had  also  produced  a  mass  of  flint 
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glass  sufliciently  large  for  the  flint  disk.  This 
will  have  to  be  formed  into  a  disk  and  then  pass 
through  the  final  annealing  and  testing  processes, 
which  will  probably  require  several  months. 
Were  it  not  for  the  abnormal  conditions  in 
Europe,  owing  to  the  war,  we  should  expect  the 
delivery  of  the  disks  during  the  present  year. 

The  mounting  for  this  telescope  is  being  made 
in  the  Observatory  Shop  and  is  now  in  an  ad- 
vanced stage  of  construction.  The  driving  clock, 
clock-room  section  of  the  pier,  polar  head,  all 
mechanism  connected  with  the  polar  and  declina- 
tion axes,  the  lower  section  of  the  tube,  draw- 
tube,  clamps,  and  slow  motions  have  been  com- 
pleted and  assembled.  The  work  upon  the  instru- 
ment has  proceeded  as  far  as  is  practicable  until 
the  focal  length  of  the  objective  has  been  de- 
termined, and  this  must  await  the  decision  of  the 
opticians  after  their  examination  of  the  glass. 

THE  WORK  AT  L.\  PLATA. 

In  carrying  out  its  part  of  the  agreement  with 
the  University  of  La  Plata,  the  University  of 
Michigan  has,  from  time  to  time,  since  191 1, 
granted  leaves  of  absence  to  Professor  Hussey 
to  enable  him  to  organize  and  direct  the  work  of 
the  La  Plata  Observatory.  He  has  now  spent 
.three  periods  in  Argentina,  aggregating  five 
semesters,  during  which  the  principal  instru- 
ments have  been  put  in  order  and  the  following 
programs  of  observational  work  undertaken. 

The  17-inch  refractor  has  been  used  regularly 
for  the  discovery  and  measurement  of  double 
stars  and  for  the  observation  of  comets  and  minor 
planets.  This  work  has  been  done  principally  by 
Professor  Hussey  and  Mr.  B.  H.  Dawson. 

In  the  past  much  of  the  double  star  work  in 
the  southern  hemisphere  has  been  of  a  frag- 
mentary character  and  lately  there  has  been  an 
insistent  need  of  more  observations.  The  work 
in  this  department  at  La  Plata  was  undertaken 
with  the  idea  of  proceeding  systematically,  and 
of  ultimately  forming  a  comprehensive  survey  of 
that  portion  of  the  southern  sky  which  is  beyond 
the  reach  of  northern  observers.  To  this  end 
Mr.  Dawson  confined  his  attention  chiefly  to  the 
measurement  of  wide  pairs  which  had  been  dis- 
covered by  other  observers,  while  Professor 
Hussey  divided  his  time  between  searching  for 


new  pairs  and  tlie  complementary  measurement 
of  those  already  known.  This  work  has  already 
resulted  in  the  discovery  of  more  than  three 
hundred  double  stars  and  in  securing  more  than 
three  thousand  observations. 

The  large  refractor  has  also  been  used  regu- 
larly for  the  observation  of  southern  comets. 
Two  hundred  and  one  observations  of  ten  differ- 
ent comets  were  secured  in  the  years  1912,  1913, 
and  1914,  and  37  observations  of  the  minor  planet 
(707)  Interamnia.  These  included  series  of 
measurements  of  two  comets  discovered  at  La 
Plata,  viz..  Comet  Westphal-Delavan,  1913,  d, 
and  Comet  Delavan,  1913  /.  The  former  was  a 
return  of  Westphal's  Comet  of  1852,  concerning 
whose  periodic  time  there  was  so  much  uncer- 
tainty that  it  w^as  not  known  in  what  part  of  the 
sky  it  would  reappear.  The  observations  secured 
after  its  rediscovery  by  Mr.  Delavan  have  en- 
abled its  period  to  be  determined  with  great 
exactness. 

The  second  comet  discovered  by  Mr.  Delavan 
was  new.  After  passing  to  the  northern  hemis- 
phere, it  was  conspicuously  visible  to  the  naked 
e}e  in  August,  September,  and  October,  19 14,  as 
a  circumpolar  object  in  the  latitudes  of  Europe 
and  the  United  States.  It  was  found  ten  months 
before  perihelion  passage,  at  a  distance  of  nearly 
four  hundred  million  miles  from  the  sun.  To  be 
visible  at  such  a  distance  its  intrinsic  brilliancy 
must  have  been  very  great,  and  had  it  not  been 
for  the  circumstance  that  it  arrived  at  perihelion 
when  the  earth  was  on  the  opposite  side  of  the 
sun,  it  would  scarcely  have  failed  to  be  one  of 
the  great  comets  of  history. 

In  the  northern  sky  and  as  far  south  as  obser- 
vations can  be  successfull}'  made  at  northern 
observatories,  accurate  positions  have  been  found 
for  all  stars  to  the  ninth  magnitude  inclusive. 
This  condition  does  not  obtain  in  the  extreme 
southern  portion  of  the  licavens,  where  the  posi- 
tions of  many  stars  are  still  inadequately  known. 
For  the  solution  of  many  astronomical  problems 
it  is  desirable  that  the  places  of  the  southern 
stars  should  be  known  to  the  same  order  of  com- 
pleteness as  in  the  northern  sky.  As  a  contri- 
bution in  this  direction  observations  have  been 
inaugurated  with  the  large  meridian  circle  at  La 
Plata  for  the  determination  of  the  places  of  all 
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stars  to  the  nintli  inagnitude  in  the  zone  from 
52^  to  62°  of  south  declination.  This  program 
will  require  ahout  50,000  observations,  of  which 
nearly  15,000  have  already  been  made  by  Astron- 
omers Felix  Aguilar  and  Paul  T.  Delavan. 

ANX  ARBOR,  MICHIGAN. 
MARCH  20,   191 5. 

SILVERING  MIRRORS  AT  LOW 
TEMPER.\TURES. 

BY  R.   II.  CURTIS.S. 

In  the  directions  of  a  large  proportion  of  the 
methods  for  silvering  mirrors,  which  have  been 
proposed  from  time  to  time,  we  find  mention  or 
specification  of  temperatures  above  55°  F.  during 
the  period  of  silver  deposit.  In  connection  with 
the  Brashear  and  Lundin  methods,  which  are 
quite  generally  preferred  in  America  at  least,  the 
recommendations  with  respect  to  temperature  are 
fairly  definite.  Referring  to  the  Brashear  pro- 
cess we  find  the  statement:  "Operations  should 
be  performed  at  a  temperature  of  65°  to  73^  F. 
(17^  to  23^  C.) . . .  .If  the  solutions  are  too  cold, 
it  will  be  difficult  to  secure  a  coat  of  sufficient 
thickness."'  With  reference  to  Lundin's  method 
it  is  stated  that  "The  water  for  the  cleaning 
should  be  lukewarm,  and  a  trifle  less  for  the 
solution. "- 

^I)-  own  experience,  which  has  been  with  the 
Brashear  process  almost  exclusively,  indicates 
that  the  precipitation  of  silver  from  the  usual 
solutions,  though  relatively  slow,  is  very  com- 
plete at  temperatures  of  40°  to  45°  F.,^  and  that 
the  production  of  a  good  mirror  surface  at  these 
temperatures  ought  to  be  possible,  since  precipi- 
tating silver  will  adhere  readily  to  a  cold  glass 
surface  as  actual  tests,  made  here,  show.  Thus 
the  difficulties,  which  have  been  met  with  in 
securing  silver  coats  of  sufficient  thickness  with 
cold  solutions  by  the  Brashear  process,  seem 
puzzling.  However  it  appears  probable  that  these 
difficulties  may  be  explained  simply  on  the  basis 
of  the  fact  that  a  lowering  of  the  temperature 
of  the  solution  causes  a  slower  rate  of  precipita- 

^ Popular  Astronowy,  Vol.  19,  p.  334.  In  this  ref- 
erence, 55°  is  evidently  a  misprint. 

"  Ibid.,  Vol.  19,  p.  336. 

'  Lower  temperatures  are  not  mentioned  because  of 
the  danger  of  freezing  before  drying  of  the  surface  is 
complete. 


tion  of  the  silver.  Probably  in  most  cases  of 
unsuccessful  silvering  at  low  temperatures,  the 
mirror  has  been  colder  than  the  solution,  and  the 
chilling  effect  of  the  cold  glass  surface  on  the 
lir|tiid  in  immediate  contact  with  it  has  retarded 
the  precipitation  of  silver  at  the  very  point  where 
the  formation  of  the  free  metal  is  required.  In 
the  meantiine  the  silvering  reaction  has  proceeded 
at  a  normal  rate  in  the  rest  of  the  solution  and 
has  been  completed  before  a  coat  of  the  desired 
thickness  has  formed  on  the  colder  mirror. 

Apparently  we  have  a  difficulty  here  which 
rapid  stirring  will  alleviate  but  not  remove.  And 
if  much  of  the  lack  of  success  in  silvering  at  low 
temperatures  is  to  be  accounted  for  in  this  way, 
it  is  also  possible  that  some  of  the  mysterious 
failures  in  silvering  at  the  specified  temperatures 
have  been  due  to  lack  of  attention  to  the  relative 
temperatures  of  mirror  and  solutions  during  the 
precipitating  process.  At  any  rate  the  plausibility 
of  this  explanation  as  well  as  the  w-riter's  own 
experience  suggests  the  formulation  of  this 
simple  rule  :  During  the  precipitating  process,  the 
mirror  should  not  be  colder  than  the  solutions. 
Ideal  conditions  may  require  a  mirror  tempera- 
ture somewhat  in  excess  of  that  of  the  solutions. 

During  the  last  two  years  there  has  been  oc- 
casion on  two  winter  days  to  silver  the  yjV^" 
mirror,  in  its  cell.  On  January  27,  1914,  the 
maximum  temperature  was  50^  F. ;  the  minimum 
for  the  preceding  night,  35°.  The  day  was  damp 
and  cloudy.  On  February  19,  191 5,  the  outside 
temperature  at  10  a.  m.  was  34°  F. ;  at  2  p.  m. 
in  the  telescope  dome,  44°  ;  and  at  6  p.  m.  outside, 
34".  On  both  days  the  temperature  of  the  air 
about  the  mirror  during  silvering  must  have  been 
in  the  neighborhood  of  45^  F.  The  rule  of 
relative  temperatures,  proposed  above,  was  care- 
fully applied,  but  aside  from  that  no  attempt  was 
made  to  raise  the  temperature  of  the  large  mirror, 
and  the  solutions  (of  the  Brashear  process)  were 
allowed  to  stand  in  the  unheated  telescope  room 
for  some  time  before  use  to  ensure  their  thorough 
cooling.  Both  of  these  winter  coats,  though 
forming  slowly  (in  about  twent\--five  minutes), 
were  thick,  easily  burnished,  and  brilliant.  The 
latter  of  these  two  coats  was  one  of  the  best  so 
far  secured  at  Ann  Arbor. 

AXX  ARnOR,  MICHIGAX. 
MARCH  6,  I915. 


THE  GEOGRAPHICAL  POSITION  OF  THE  OBSERVATORY  OF  THE 
UNIVERSITY  OF  MICHIGAN 

By  RALPH  H.  CURTISS 


THE  LONGITUDE 

In  a  letter  from  Professor  Francis  Briinnow 

to    the    Editor    of    the    Astronomical   Journal,^ 

dated  January  27,   1858,  the  bare  statement  is 

-nade    that    the    geographical    position    of    Ann 

Ann  Arbor  is 

Latitude,  42°  16'  48", 

Longitude,  oh  27m  12s.   West  from  Washington. 

Five  months  later  on  June  22,  1858,  in  a  simi- 
lar letter  to  the  Astronomical  Journal  there  oc- 
curred this  paragraph : 

To  the  kindness  of  G.  P.  Bond,  Esq.,  I  owe 
the  communication  of  observations  of  the  oc- 
cultations  of  the  Pleiades  on  March  19,  which 
at  last  has  enabled  me  to  determine  our  longi- 
tude.   I  find  for  it 

26m  41. OS  west  from  Washington, 
which  will  come  very  near  the  truth.^ 
This  value  was  soon  superseded  however,  for 
a  telegraphic  determination  of  the  longitude  of 
the  Detroit  Observatory  was  effected  in  1861 
through  a  connection  made  with  the  Litchfield 
Observatory  of  Hamilton  College  at  Clinton, 
New  York.=  On  June  29,  126  beats  of  the 
two  clocks  were  recorded  at  both  stations,  and 
on  July  3,  28  comparisons  were  made.  Before 
and  after  the  exchange  of  signals,  observations 
of  standard  stars  were  made  by  Professor  C.  H. 
F.  Peters,  at  Clinton,  and  by  Prof.  Briinnow,  at 
Ann  Arbor.  Simultaneous  observations  estab- 
lished the  relative  personal  equation  of  the  two 
observeris  as  Peters  —  Briinnow  =  +  0.04s  ± 
0.0083.  This  value  in  combination  with  the  ob- 
served dift'erence  of  local  time  at  the  two  stations 
yielded  the  following  value  of  the  longitude  dif- 
ference between  the  two  observatories. 

Detroit  Observatory  (Meridian  Circle) 
— Litchfield  Observatory    (Transit) 
=  +  33m  17.73s  ±0.0275. 

On  August  16  and  October  3,  1859,  the  longi- 
tude west  of  Cambridge  of  the  Litchfield  Observ- 


atory had  been  determined  telegraphically  by  Ob- 
servers, C.  H.  F.  Peters  at  Clinton,  and  G.  P. 
Bond,  at  Cambridge.* 

After  correction  for  personal  equation  the  lon- 
gitude difference  between  these  two  stations 
was  found  to  be 

Litchfield  Observatory  (Transit) 
"  — Harvard  College  Observatory  (Center  of  Dome) 
=  4-  i/m  6.48s  ±  0.039s. 

Thus  the  longitude  difiference  between  Ann 
Arbor  and  Cambridge  was  determined  as 

Detroit  Observatory  (Meridian  Circle) 
— Harvard  College  Observatory  (Center  of  Dome) 
= -|- 50m  24.21S  ±0.0475. 

The  Detroit  Observatory  was  again  connect- 
ed telegraphically  for  longitude  purposes,  with 
Cambridge,  Mass.,  on  three  nights  in  1869  with 
Observers  A.  T.  Mosman  and  F.  Blake  at  Cam- 
bridge and  Professor  J.  C.  Watson  at  Ann  Ar- 
bor.^ But  the  record  leads  to  the  inference 
that  no  determination  of  the  relative  personal 
equation  of  the  observers  involved  was  ever 
made.  And  the  results  of  this  longitude  cam- 
paign do  not  seem  to  be  available.  The  old  ob- 
servations, of  1861,  still  furnish  the  accepted 
data  upon  which  is  based  the  published  values  of 
the  longitude  of  the  Detroit  Observatory. 

The  value  of  the  longitude  difference,  Detroit 
Observatory  —  Harvard  College  Ob.servatory 
(-|-  50m  24.2 IS  ±  0.047s),  combined  with  the 
published  value  of  the  longitude  of  the  Harvard 
College  Observatory  (4h  44m  30.98s  ±  0.04s 
west  of  Greenwich)  as  determined  by  the  cable 
observations  of  1866,  1870  and  1872,  yielded  the 
value,  5h  34m  55.19s  ±  o.o6s  west  of  Greenwich, 
for  the  longitude  of  the  Detroit  Observatory  Me- 
ridian Circle.  This  value  of  the  longitude  was 
introduced  into  the  American  Ephemeris  for 
1896  and  has  not  been  altered  since. 


^Astronomical  Journal,  Vol.  S,  p.  112. 
'Astronomical  Journal,  Vol.  5,  p.  145. 
'  Astronomical  Notices,  No.  27,  p.  17. 


^Astronomical  Notices,  No.  15,  p.  113. 

'  United  States  Coast  Survey  Report,  1869,  p.  15. 
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In  1892  longitude  signals  were  again  cabled 
across  the  Atlantic,  this  time  between  Green- 
wich and  McGill  University  Observatory,  Mon- 
treal, Canada;  and  the  Montreal  station  was  con- 
nected telegraphically  with  the  Cambridge  and 
Albany  stations  of  the  Longitude  Net  of  the 
United  Coast  and  Geodetic  Survey.  The  final 
value"  of  the  longitude  west  from  Greenwich,  of 
the  Dome  of  the  Harvard  College  Observatory 
at  Cambridge  as  adjusted  in  June,  1897, 
was  4h  44m  31.046s  ±0.0485.  Adding  to  this 
the  above  value  of  the  longitude  of  Ann  Arbor 
west  of  Cambridge  we  obtain  the  following  im- 
proved value  of  the  longitude  west  from  Green- 
wich of  the  Meridian  Circle  of  the  Detroit  Ob- 
servatory, 

jh  34m  55.2565  ±0.0655. 

On  three  occasions  longitude  signals  were  ex- 
changed between  the  Detroit  Observatory  and  a 
former  station  of  the  United  States  Lake  Sur- 
vey in  Detroit.  Two  of  the  resulting  determina- 
tions are  available.  In  1861,'  the  difference  of 
longitude  of  Ann  Arbor  and  Detroit  was  deter- 
mined by  six  nights  exchange  of  signals  as  2m 
43.30s  ±  0.046,  the  observers  at  Detroit  being 
Lieutenant  O.  M.  Poe  and  Assistant  James  Carr 
and  at  Ann  Arbor,  Professor  Briinnow.  In  1864' 
this  difference  was  again  determined  by  three 
nights  exchange  of  signals  as  2m  43.17s,  the  ob- 
servers at  Detroit  being  Col.  W.  F.  Reynolds  and 
Assistant  S.  W.  Robinson  and  at  Ann  Arbor, 
Professor  Watson.  Personal  equation  was  applied 
in  both  cases.  In  the  second  exchange  of  longitude 
signals  between  Ann  Arbor  and  Detroit  appar- 
ently there  was  no  telegraph  line  running  to  the 
Detroit  Observatory.  The  signals  from  Ann 
Arbor  seem  to  have  been  sent  from  a  chronom- 
eter which  was  carried  to  the  telegraph  office. 
But  in  discussing  these  determinations  on  page 
716  of  Professional  Papers,  Corps  of  Engineers, 
U.  S.  A.,  No.  24,  the  two  determinations  were 
given  equal  weight.  Taking  the  mean  then  of 
these  two  results,  we  have  2m  43.23s.  Applying 
the  correction  ( — 0.127s)  to  reduce  the  old  transit 


'U.    S.    Coast    and    Geodetic    Sui\ey    Report,    i& 
App.  2. 

'  U.  S.  Lake  Survey  Report,  1S61. 
'  U.  S.  Lake  Survey  Report,  1865. 


post  to  the  east  transit  post  of  the  Lake  Survey 
Obsen'atory  of  1871  there  results 
Detroit  Observatory   (Meridian  Circle) 
—East   Transit    Post,   Lake    Survey   Obs.   of    1871, 
Detroit 
=  -|-  2m  43.1OS  ±  0.05s, 

in  which  the  probable  error  is  estimated  from  the 
agreement  of  the  two  sets  and  is  indicated  by 
the  given  probable  error  of  the  1861  deteriuina- 
tion. 

Through  direct  measurement  from  the  neigh- 
boring longitude  station  of  1891,  which  be- 
longs to  the  longitude  net  of  the  United  States 
Coast  and  Geodetic  Survey,  the  longitude  of  the 
east  transit  post  of  the  Detroit  Lake  Survey  Sta- 
tion of  1871  has  been  found  to  be 

5h  32m  12.196s  ±  0.050s' 
which  in  combination  with  the  above  longitude 
dift'erence  between  Ann  Arbor  and  Detroit  fur- 
nishes a  second  value  for  the  longitude  of  the 
Meridian  Circle  of  the  Detroit  Observatory  west 
of  Greenwich, 

5h  34m  55-2963  ±o.o;s. 

Thus  there  are  now  available  two  determina- 
tions of  the  longitude  of  the  Detroit  Observatory, 
made  some  fifty  years  ago  through  telegraphic 
connection  with  stations  of  the  longitude  net  of 
the  United  States  Coast  and  Geodetic  Survey. 
Combining  these  two  consistent  determinations 
and  rounding  off  to  the  nearest  hundredth  of  a 
second  we  obtain  for  this  constant. 

Longitude  of  the  Detroit  Observatory  Meridian  Circle 
West  of  Greenwich, 

5h  34m  55.27s  ±  0.06s, 

in  which  the  dependence  of  the  result  upon  the 
same  trans-Atlantic  connections  is  taken  into  ac- 
count in  deri\-ing  the  probable  error. 

THE  LATITUDE 

The  provisional  value  of  42^  16'  48"  for  the 
latitude  of  the  Detroit  Observatory  as  reported 
by  Professor  Briinnow  in  1858,  was  adopted  by 
the  American  Ephemeris  and  with  the  addition 
of  a  zero  in  the  tenths  place  of  seconds  is  still  in 
use  in  that  publication.  In  the  meantime  two  accu- 
rate and  independent  determinations  of  the  lati- 
tude of  this  Observatory  have  become  available. 


•  U.  S.  Coast  Survey  Report,  189;,  p.  261. 
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which  establish  a  far  more  reliable  value  of  that 
quantity. 

The  first  of  these  latitude  determinations  was 
made  by  Dr.  Ludovic  Estes  with  the  Three-Inch 
Transit  Instrument  used  as  a  Zenith  Telescope.^" 
From  observations  upon  138  pairs  of  stars  by 
Talcotfs  method,  made  between  October  6,  1886, 
and  February  9,  1887,  the  latitude  of  the  Observ- 
atory was  determined  with  the  result, 

0  =  42°  16'  48".66  it  o".o5i 
referred  to  the  Meridian  Circle. 

The  second  determination  of  the  latitude  of 
this  observatory  came  as  a  by-product  of  the 
meridian  circle  observations  of  Professor  Har- 
riet W.Bigelow,made  in  the  years,  1901,  1902  and 
1903,  for  the  determination  of  circumpolar  star 
positions."  From  direct  and  reflected  observa- 
tions of  twenty-six  stars  there  resulted  a  very 
consistent  set  of  values  of  the  latitude  of  the  De- 
troit Observatory  Meridian  Circle,  ranging  from 
48."42  to  49."35,  with  a  mean  value, 
0  =  42°  16'  48".76  ±  o".o6. 

Combining  these  two  values  of  the  latitude 
with  weights  depending  on  their  probable  errors 
we  obtain  the  value, 

Latitude  =  42°  16' 48".70  ±  o".04, 
referred  to  the  Meridian  Circle  of  the  Detroit 
Observatory  of  the  University  of  Michigan. 

A  determination  of  the  latitude  of  this  observ- 
atory in  agreement  with  the  above  value  was 
made  by  Professor  A.  Hall  from  meridian  cir- 
cle observations  of  circumpolar  stars  in  the  years, 
1898-1901. 

THE  ELEVATION. 

The  elevation  of  the  Detroit  Observatory,  in 
use  for  many  years,  probably  derived  from  rail- 
way levels,  has  been  taken  as  936  feet  or  285 
meters,  this  being  the  assumed  height  of  the 
cistern  of  the  barometer.  The  axis  of  the  Merid- 
ian Circle  is  3.02  feet  higher. 

More  reliable  values  of  the  altitude  of  the  De- 
troit Observatory  above  sea  level  are  now  avail- 
able, based  upon  a  bench  mark  with  a  marked 
elevation  of  881.861  feet,  which  has  been  placed 
in  the  south  wall  of  the  University  Library  by 


the  United  States  Geological  Survey.  Results 
of  a  series  of  levels  between  this  bench  mark  and 
the  Observatory,  run  by  students  during  the 
spring  of  1912  have  been  kindly  furnished  by 
Professor  H.  H.  Atvvell  of  the  Department  of 
Engineering  of  the  University  of  Michigan. 
These  may  well  be  recorded  here  for  reference. 
They  furnish  values  of  the  elevation  of  the  con- 
crete fioor  at  the  base  of  the  first  column  inside 
the  south  west  entrance  of  the  37j/4-Inch  Reflect- 
or Dome  of  the  Observatory,  above  the  Library 
Bench  IMark. 

Elev.ations  of   Basemext  Floor,   Observ.worv   Dome, 

Abo\-e  Library  Bench  Mark. 
Partv  No.  i  26.24     feet 

26.14 
Party  No.  2  26.20 

27.45  rejected  [i  foo'(?)iii  error] 
Party  No.  3  26.15 

26.41 
Party  No.  4  26,39 

26.15 
Party  No.  5  26.05 


"Detroit  Observatory  Publications,  Vol.  L  P-  28. 

"■Astronomical  Journal,  Vol.  24,  p.  102.  Also  Pro- 
ceedings of  the  Washington  Acad,  of  Science,  Vol.  7, 
pp.  189-194.  1905- 


!Mean  26.216  feet  ±  0.032  feet. 

Thus  we  have  the  following  result : 
Elevation  of  Observatory  Base- 
ment Floor  908.08  feet. 

Levels  run  inside  the  Observatory  by  the  writ- 
er measure  the  elevation  of  the  axis  of  the  Me- 
ridian Circle  and  of  the  cistern  of  the  standard 
barometer  above  the  basement  floor  of  the  ZlY^" 
Reflector  Dome  as  18.24  feet  and  15.22  feet  re- 
spectively.   Thus  we  have,  referred  to  sea  level: 

The  elevation  of  the  axis, 

meridian    circle 926.32  ft  or  282.35  meters, 

The  elevation  of  the  barom- 
eter cistern    923.30  ft  or  281.42  meters. 

Collecting  for  convenience  of  reference  the 
above  values  of  the  terrestrial  co-ordinates  of  the 
cube  of  the  ^leridian  Circle  of  the  Detroit  Ob- 
servatory we  have  the  quantities  below. 

CO-ORDIXATES  OF  THE  DETROIT 
OBSERVATORY. 

LONGITUDE,,  5h  34m  55.27s  ±  0.06s,  West  of  Green- 
wich. 
LATITUDE,  42°  16'  48. "70  ±0".O4  North, 
ELEV.ATION,  926.32  feet,  or  282.35  meters  above  sea 
level. 

The  writer  wishes  to  acknowledge  the  kind- 
ness of  Professors  Asaph  Hall  and  Harriet  W. 
Bigelow  in  verifying  some  of  the  data  in  this 
paper. 

January,   1913. 


A  DETERMINATION  OF  THE  VISUAL  LIGHT  CURVE  OF 

BETA   LYRAE 

By  RALPH  H.  CURTISS 


Introduction. 

Although  the  discovery  of  the  light  variation  of 
j8  Lyrae  dates  back  nearly  one  hundred  and  thirty 
years,  the  determination  of  the  conditions  in  the 
system  of  this  star  continues  to  be  to  a  consider- 
able extent,  an  unsolved  problem.  That  this  prob- 
lem is  rated  as  a  difficult  one  is  due  in  some  de- 
gree to  the  lack  of  success  which  has  attended 
the  efforts  of  those  who  have  addressed  them- 
selves to  its  solution  with  the  aid  of  inadequate 
instrumental  equipment.  But  in  the  main  the 
difficulties  attending  the  study  of  this  problem 
are  real  ones  resulting  from  the  unusual  and 
complicated  changes  which  are  established  and 
suspected  both  in  the  dispersed  and  total  light 
of  this  star.  At  the  same  time  the  importance 
of  this  problem  is  widely  recognized  since  /? 
Lyrae  is  the  brightest  known  representative  of 
a  class  of  variable  stars  whose  members  are 
thought  to  illustrate  the  earlier  stages  in  one  type 
of  double  star  evolution. 

In  view  of  the  importance  of  the  "Problem  of 
/?  Lyrae"  it  is  fortunate  that  we  have  available 
some  450  photometric  determinations  of  the  mag- 
nitude of  this  star  made  in  four  different  years 
at  the  Harvard  College  Observatorj'.  One  set  of 
these  observations  is  used  later  on  in  this  paper. 
But,  in  view  of  the  relatively  small  number  of 
these  photometric  measures,  for  the  present  and 
possibly  for  some  time  to  come,  we  must  depend 
largely  on  naked  eye  comparisons  for  our  knowl- 
edge of  the  minor  features  and  changes  in  the 
visual  light  curve  of  this  star.  It  is  therefore  un- 
fortunate that  the  limitations  of  visual  methods 
should  be  so  great ;  and  at  the  same  time  it  would 
seem  of  considerable  importance  that  the  psy- 
chological and  other  sources  of  uncertainty  which 
afifect  visual  comparisons  be  investigated  and 
kept  in  mind. 

ERRORS    IN    LIGHT   ESTIMATES. 

Argelander,  whose  visual  comparisons  of  naked 
eve  stars  have  set  a  standard  of  accuracy  for  the 


last  seventy  years,  was  fully  alive  to  the  impor- 
tance of  the  sources  of  error  which  afifect  obser- 
vations of  this  kind.  He  recognized  the  effect 
of  variations  of  the  Purkinje  phenomenon  in 
causing  discrepancies  between  the  results  of  dif- 
ferent observers.  He  assigned  due  importance 
also  to  the  remarkable  persistent  differences  be- 
tween estimates  of  different  observers  of  the  rel- 
ative brightness  of  any  two  stars  of  the  same 
color.  Possibly  he  intended  that  these  e.xplana- 
tions  should  be  extended  to  account  for  some  of 
the  variations  in  the  results  of  the  same  observer 
in  different  years,  such  as  his  suspected  variation 
in  the  brightness  of  S  Lyrae.  Certainly  these 
considerations  must  be  kept  in  mind. 

In  connection  with  the  Purkinje  phenomenon  it 
may  also  be  considered  that  the  apparent  relative 
brightness  of  any  two  stars  of  different  colors 
depends  to  some  extent  upon  the  brightness  of 
the  background  of  sky  light. 

Further,  as  the  result  of  personal  differences 
in  color  perception,  the  application  of  visual  meth- 
ods to  the  study  of  the  light  variations  of  certain 
short  period  variables  may  be  expected  to  be  fol- 
lowed by  discrepancies  among  the  results  obtain- 
ed by  different  observers,  and  probably  among 
those  obtained  by  the  same  observer  in  different 
years.  It  is  well  known  that  the  variations  of 
certain  short  period  variables  are  different  in  dif- 
ferent colors.  We  should  therefore  expect  to  find 
persistent  dift'erences  in  these  cases  between  the 
results  of  an  observer  whose  eyes  are  most  sensi- 
tive to  green  or  greenish  yellow  light  and  those 
of  another  observer  whose  eyes  are  most  sensi- 
tive to  yellow  or  yellowish  red  light.  \'ery  prob- 
ably this  effect  will  account  for  some  observed 
discrepancies  among  the  results  of  different  ob- 
servers as  well  as  unexplained  variations  in  the 
results  of  the  same  observer  in  different  years. 

Aside  from  errors  due  to  differences  in  color 
perception  there  are  psychological  or  optical  diffi- 
culties which  have  important  bearing  on  the  pres- 
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ent  problem.  Of  these  we  may  consider  first  the 
effect  on  the  apparent  relative  brightness  of  two 
stars  due  to  changes  in  their  relative  position  in 
the  sky.  Several  observers  have  noted  that  of 
two  stars  of  equal  brightness  the  lower  appears 
to  them  the  brighter.  Whether  this  eft'ect  de- 
pends only  on  the  difference  of  altitude  of  the 
stars  compared,  or  whether  it  depends  on  the  di- 
rection of  the  line  joining  them  is  perhaps  un- 
known, but  probably  both  factors  are  involved. 
Judging  from  my  own  experience  this  eft'ect  is 
one  which  varies  considerably  in  magnitude  at 
dift'erent  times,  depending  perhaps  on  the  condi- 
tion of  the  eyes  as  regards  fatigue.  The  actual 
extent  of  this  "hour  angle  eft'ect"  in  my  own  case 
is  considered  later  on  in  this  paper. 

Another  recognized  source  of  error,  which  may 
affect  strongly  any  given  series  of  light  compari- 
sc.ns,  is  that  which  results  from  the  tendency  of 
the  obser\'er  to  estimate  as  equal,  the  brightness 
of  the  variable  and  of  any  comparison  star  from 
which  it  differs  slightly.  It  is  readily  seen  that 
this  tendency  may  introduce  minor  irregularities 
in  the  form  of  a  light  curve  such  as  those  that 
appear  often  in  published  results. 

Probably  the  source  of  error  that  may  have  the 
greatest  eft'ect  upon  any  single  observation  is  that 
due  to  mental  preoccupation  or  bias.  And  the 
final  curve  may  be  greatly  affected  if  the  results 
are  watched  too  closely,  or  follow  at  intervals  so 
short  that  the  mental  processes  attending  one  ob- 
servation are  still  fresh  when  a  second  is  made. 

In  addition,  the  visual  estimates  must  sliare 
with  photometric  observations  the  uncertainties 
which  arise  from  atmospheric  absorption. 

METHOD  OP  OBSERV.\TION. 

In  view  of  the  above  considerations  it  would 
seem  that  certain  methods  of  attack,  requiring 
more  or  less  co-operation  might  facilitate  the  de- 
termination of  the  character  and  changes  of  the 
light  curve  of  p  Lyrae.  For  the  determination 
of  the  mean  brightness  of  this  star,  as  well  as  the 
magnitude  range,  we  must  of  course  depend 
largely  upon  the  results  for  the  comparison  stars 
obtained  with  the  photometer.  But  in  the  deter- 
mination of  the  form  of  the  curve  and  of  varia- 
tions in  the  magnitude  range,  naked  eye  compari- 


sons have  yielded  most  valuable  results  and  very 
probably  could  be  made  even  more  productive  if 
observations  were  properly  organized.  But  the 
feasibility  of  any  extensive  scheme  of  co-opera- 
tion is  very  doubtful,  and  for  the  present  it  re- 
mains for  each  observer  to  follow  the  method 
of  attack  which  in  his  judgment  will  contribute 
best  to  the  solution  of  the  problem.  For  the 
present  series  of  observations,  as  described  be- 
low, the  writer  has  adopted,  after  some  experi- 
ment, a  simple  system  of  light  comparison  which 
may  be  characterized  as  a  special  application  of 
Argelander's  method. 

Two  comparison  stars  only  were  chosen,  both 
very  near  the  variable.  The  brighter  of  these 
two  stars  was  very  nearly  equal  in  magnitude  to 
the  variable  at  maximum  light,  while  the  fainter 
comparison  star  was  a  little  fainter  than  /3  Lyrae 
at  minimum  brightness.  The  dift'erence  in  bright- 
ness between  the  two  comparison  stars  was  about 
one  and  two-tenths  magnitudes  and  in  the  com- 
parisons, one-tenth  of  this  magnitude  difference 
was  taken  as  the  unit  of  measurement,  and  in 
terms  of  this  unit  the  difference  of  brightness 
of  the  variable  and  the  two  comparison  stars  was 
estimated  directly.  The  estimates  thus  made 
were  converted  into  magnitude  differences  by  the 
application  of  the  proper  factor,  and,  finally,  mag- 
nitudes of  the  variable  were  obtained  from  the 
comparison  star  magnitudes  by  direct  addition 
or  subtraction  of  these  determined  differences. 

In  selecting  this  method  of  observation  it  w^as 
kept  in  mind  that  the  results  might  not  contribute 
definitely  to  our  knowledge  of  the  general  form 
of  the  light  curve  of  ^  Lyrae,  because  of  the  diffi- 
culty in  extending  the  unit  of  measurement  over 
the  relatively  large  light  intervals  involved.  But 
it  was  hoped  that  information  might  be  gained 
with  reference  to  phase  times,  minor  irregulari- 
ties and  certain  sources  of  error,  more  particular- 
ly, by  a  method  differing  somewhat  from  that 
ordinarily  employed ;  and  the  nearness  of  the 
comparison  stars  to  the  variable  was  held  to  be  an 
important  consideration. 

THE  COMPARISON  STARS. 

The  stars  used  in  comparisons  with  (3  Lyrae 
were  y   and   8   of   the   same   constellation.     The 
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former  is  about  two  degrees  and  the  latter  about 
three  and  one-lialf  degrees  from  the  variable. 

So  far  as  I  know,  y  Lyrae  has  never  been  sus- 
pected of  variability.  .Mthough  different  obsers'- 
ers  seem  to  receive  distinctly  different  impres- 
sions of  its  brightness,  its  light  seems  constant  in 
the  results  of  any  given  observer  and  the  varia- 
tions noted  seem  to  be  assignable  to  subjective 
diflTiculties.  A  velocity  variation  of  about  twenty- 
five  kilometers  with  a  period  of  about  tucnty- 
five  days  was  announced  for  this  star  by  Profes- 
sor S.  :\.  Mitchell  in  1909.  Radial  velocity  ob- 
servations made  at  this  obsers'atory  indicate  that 
the  velocity  range  for  this  star  is  much  less  and 
the  period,  if  it  exists,  much  greater,  than  the 
corresponding  announced  values.  The  magnitude 
assigned  to  this  star,  taken  from  the  RcAscd 
Harzvrd  Photometry,  is  3.30. 

8  Lyrae  is  a  visual  double  star  the  components 
of  which  have  magnitudes,  4.52  and  5.51,  the 
spectral  types  being  Mo  and  B3  respectively.  As 
the  fainter  star  is  distant  about  twelve  minutes 
of  arc  from  the  primary-,  its  light  is  not  added 
to  that  of  the  primary  when  observed  with  the 
naked  eye.  At  least  the  best  assumption  seems 
to  be  that  such  is  the  case.  The  radial  velocity 
of  the  fainter  star  is  variable  in  an  unknow-n  pe- 
riod. The  radial  velocity  of  the  brighter  star  is 
constant  so  far  as  known.  Argelander  suspected 
this  star  of  light  variability  though  the  dilTer- 
ences  between  his  determinations  of  its  bright- 
ness, at  different  epochs,  referred  to  neighboring 
stars,  did  not  exceed  0.06  magnitudes.  Subse- 
quentlv  other  obseners  have  used  8  Lyrae  as  a 
comparison  star  apparently  without  suspicion, 
and  from  my  own  observations  there  seems  to  be 
no  certainty  of  its  variability,  though  recent  re- 
sults of  Stempel  and  Lau  suggest  a  light  change 
of  some  character.  To  the  present  it  has  not 
found  a  place  in  catalogs  of  variable  stars. 

THE   OBSERV.MIOXS. 

Employing  the  above  method  and  comparison 
stars,  observations  of  the  brightness  of  /3  Lyrae 
were  begun  by  the  writer  in  1907  in  connection 
w-ith  spectrographic  observations,  the  results  of 
which  have  already  been  published.  The  magni- 
tude observations  have  been  continued  and  the 


results  of  the  first  six  years  (1907-1913),  com- 
prising 612  observations,  are  discussed  in  this 
paper. 

Table  I  contains  the  essentials  of  the  Journal 
of  Obser\-ations.  Column  i  contains  the  obser- 
vation number ;  column  2,  the  civil  date  in  Green- 
wich Mean  Time.  The  third  column  gives  the 
phase  time  for  each  observation  referred  to  the 
last  preceding  principal  minimum  computed  on 
the  basis  of  Pannekoek's  revised  formula, 

r   (Prin.  niin.)=i855  Jan.  6^.604  G.  M.  T. 
4-  i2''.9o8oo9  E  -I-  3''.855  P  —  0.047  l^, 

where  E  represents  the  number  of  complete  per- 
iods since  the  initial  epoch  and  t  =  £/iooo.  In 
the  fourth  column  the  comparison  of  the  variable 
with  y  Lyrae  is  given  according  to  the  method 
described  above.  The  unit  or  step  is  the  tenth  of 
the  difference  in  magnitude  of  7  Lyrae  and  8 
Lyrae.  Observations  with  positive  or  negative 
signs  indicate  that  the  variable  was  fainter  or 
brighter  respectively  than  the  star,  7  Lyrae.  In 
this  column,  there  occur  seven  comparisons  of 
the  variable  with  stars  other  than  7  and  S  Lyrae. 
These  are  not  reduced  in  this  paper. 

In  column  5,  the  hour  angle  of  the  appro.ximate 
region  of  the  stars  observed  is  given  for  each 
observation  and  in  column  6,  brief  notes  are  cop- 
ied from  the  observing  journal.  The  numbers 
in  this  column  refer  to  the  phase  of  the  moon, 
"4"  denoting  a  full  moon. 

TABLE  I.    OBSERV.\TIOXS  OF  P  LYR.\E. 


N-O. 

D.\TE 

GR.M.T. 

PH.\SE 

COMP.VR. 

HR.   .\XGLE 

1907 

D.WS 

D.WS 

STFPS 

HOURS 

I 

June 

S.73 

7.14 

+2.00 

—1-5 

2 

9.65 

8.06 

-I-I-50 

—34 

3 

II.6S 

10.09 

—050 

—2.6 

4 

II. 71 

10.12 

+0.00 

—1.9 

5 

14-3 

0.22 

6.50 

—1-4 

6 

I56I 

I  10 

5-00 

-3.S 

7 

15.61 

1. 10 

01P35 

-3.8 

8 

15.61 

1. 10 

p=e 

-3.8 

9 

16.67 

2.16 

2.O0 

—2.3 

10 

17.60 

309 

0.50 

—4-2 

II 

17-65 

3.14 

0.40 

—30 

12 

17.65 

314 

70.5^4 

50 

13 

18.65 

414 

71^4* 

—2.9 

14 

18.65 

4.14 

0.40 

15 

20.63 

6.12 

3.50 

—3-2 

16 

20.63 

6.12 

72^30 

—3-1 

go 
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XO.   PATE 

GR.M.T. 

PHASE 

CO.MPAR.    HR.    ANGLE          NOTES         | 

NO.   DATE 

GR.M.T. 

PHASE 

C0MP,\R. 

SR.    ANGLE         NOTES 

190- 

DAYS 

D.\YS 

STEPS 

HOURS 

1907 

DAYS 

DAYS 

STEPS 

HOURS 

17 

24-63 

10.12 

0.00 

—2.8 

70 

13-65 

8-47 

0.50 

+0.8 

18 

25.65 

II. 14 

0.83 

—24 

71 

13.73 

8-55 

0.00 

+2.8 

19 

26.6S 

12.17 

5.00 

—1.4 

72 

14.65 

9-47 

0.25 

+0.9 

20 

26.68 

12.17 

eijSio 

—1.4 

7i 

15.60 

10.42 

0.50 

±0.0 

21 

27.67 

0.25 

6.75 

—1.8 

74 

15.75 

10.57 

0.75 

+2.5 

22 

30.68 

3.26 

0.00 

—1.2 

7S 

17-65 

12.47 

6.25 

+I.I 

23 

30.82 

3.40 

0.00 

+2.0 

76 

18.73 

0.63 

5-75 

+3.0 

24  July 

3.58 

6.16 

3.50 

—34 

77 

19.54 

1-44 

3-00 

—1-3 

25 

370 

6.28 

350 

—0.7 

78 

1965 

i-SS 

2.00 

+1-2 

,      O-Lf+fl 

79 

19.71 

1. 61 

1-25 

+2.7 

26 

3.70 

6.28   /5= 

—0.7 

80  ' 

19-74 

1-64 

0.75 

+34 

27 

4.67 

725 

300 

—1.3 

Thick  smoke 

81 

22.56 

4.46 

0.25 

—0.6 

Poor? 

82 

24.67 

6.57 

3-00 

+2.1 

S  just  visible 

83 

25.56 

7-46 

400 

—0.4 

28 

S.58 

8.16 

1.50 

—3.2 

Smoky 

84 

25.73 

7.63 

2.25 

+3.6 

29 

6.71 

9.29 

0.50 

—0.2 

85 

25-75 

7-65 

2.25 

+4-1 

30 

7.61 

10.19 

0.00 

—2.4 

86 

26.56 

8.46 

0.25 

—0-3 

31 

■/■ll 

10.31 

0.50 

+0.3 

87 

2S.73 

10.63 

0.50 

+3-8 

32 

12.67 

2.33 

+0.33 

-0.8 

88 

3067 

12.57 

7-25 

+2-5 

Faint 

33 

12.77 

2.43 

—0.33 

+1-7 

89 

31.60 

0.5S 

7-75 

+1.0 

34 

13.69 

3.35 

+0.15 

—0.8 

90 

31-71 

0.69 

7.50 

+3.5 

35 

14.71 

4-37 

2.00 

—0.4 

91   Sept. 

1.69 

1.67 

5-00 

+3.1 

Smoky 

36 

14.74 

4.40 

1. 00 

+03 

92 

5.60 

S-58 

1. 00 

+14 

37 

17.71 

7.37 

3-50 

+0.6 

93 

6.54 

6.52 

1-75 

— 0.1 

38 

18.60 

8.26 

1.25 

—1-7 

94 

6.71 

6.69 

2.50 

+3.9 

39 

18.81 

8.47 

0.50 

+3.0 

95 

12.63 

I2.60 

7-75 

+2.0 

40 

20.63 

10.29 

0.25 

—1.2 

96 

18.54 

S-6o 

0.7s 

+0.4 

Full  moon 

41 

20.71 

10.37 

1. 00 

+0.8 

97 

19-59 

6.65 

5.00 

+  1.7 

Full  moon 

42 

«^.83 

10.49 

0.00 

+3-8 

98 

19.67 

6-73 

4.00 

+Z.h 

Full  moon 

43 

-3.65 

0.39 

"•25 

—0.5 

Bright  moon 

99 

20.59 

7-65 

1.50 

+  1.8 

44 

23.75 

0.49 

7.00 

-{-2.0 

Bright  moon 

100 

22.54 

9.60 

+0.00 

+0.7 

45 

24.65 

1-39 

3.00 

—0.5 

Moon 

lOI 

22.62 

9.68 

— I.OO 

+2.7 

46 

26.62 

3.36 

0.00 

— 0.8  Moon 

102 

24-54 

11.60 

+0.00 

+0.8 

47 

26.78 

3-52 

0.33 

+2.2 

Moon 

103 

24.65 

II. 71 

+0.75 

+3.3 

48 

27.71 

4.45 

0.25 

-j-1.2 

Moon 

104 

30-54 

4.68 

0.00 

+1-2 

49 

29.71 

6.45 

3.00 

+  14 

105 

30.67 

4.81 

0.50 

+4-2 

SO 

30.58 

732 

2.50 

—1.6 

106  Oct. 

1.69 

5-83 

2.50 

+4-5 

SI 

30.73 

7.47 

2.00 

+1-9 

107 

2.67 

6.81 

2.50 

+4-3 

52  Aug. 

1.58 

932 

0.33 

—1.5 

loS 

4.67 

8.81 

+0.75 

+4-5 

S3 

1.71 

9.45 

050 

+1-5 

109 

5-54 

9-68 

— 0.50 

+1-5 

54 

1.79 

9-53 

0.50 

+3-5 

no 

5.67 

9.81 

—0.25 

+4-5 

55 

2.71 

10.45 

1. 00 

+1.6 

III 

6.67 

10.81 

+0.25 

+4.6 

56 

3.82 

11.56 

2.25 

+4.4 

:i2 

8.67 

12.81 

10.00? 

+4.7 

Eyes  tired 

57 

4.60 

12.34 

5-50 

—0.7 

113 

9.62 

084 

8.C0 

+3.8 

58 

6.65 

1-47 

4-25 

+04 

114 

9-69 

0.91 

7-25 

+5-3 

59 

6.73 

1-55 

2.00 

+24 

'15 

14-58 

5.80 

1.75 

+3-1 

Moon 

60 

7.58 

2.40 

0.25 

—I.I 

116 

14.67 

S-89 

2.25 

+5-1 

Moon 

61 

7.65 

2.47 

0.25 

+0.6 

117 

16.58 

7.80 

I.OO 

+3-2 

Moon 

62 

7-75 

2-57 

0.00 

+2.9 

iiS 

17.62 

8.84 

0.25 

+43 

Full  moon 

63 

9.65 

4-47 

0.00 

+0.6 

119 

18.54 

9-76 

0.25 

+24 

Full  moon 

64 

9.80 

4.62 

1. 00 

+4-4 

120 

1867 

9.89 

0.00 

+54 

Full  moon 

65 

10.62 

5-44 

2.25 

+0.2 

121 

20.68 

11.90 

m 

+5.8  Moon 

66 

11.62 

6.44 

3.75 

+0.2 

I>2 

21.67 

12.89 

9.00 

+5.6  Moon 

67 

11.67 

6.49 

4.00 

+1.2 

123 

23.6± 

1.90 

100 

+3-7 

68 

1 181 

6.63 

3-2,Z 

+4.7 

124 

25-48 

3.78 

-fo.oo 

+1-3 

69 

12.62 

744 

2.25 

+0-3 

125 

25.58 

3-88 

—0.50 

+3-8 
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NO. 

DATE 

CR.M.T. 

PHASE 

COM  PAR. 

HR.   ANCLE 

NOTES 

NO.    DATE 

CR.M.T. 

PHASE 

COM  PAR. 

HR.   ANGLE         NOTES 

1907 

DAYS 

DAYS 

STEPS 

HOURS 

1908 

DAYS 

DAYS 

STEPS 

HOURS 

126 

29.5^ 

7.82 

+  1.00 

+2.6 

180 

26.60 

7.60 

2.75 

—1.4 

1^7 

Nov. 

7.46 

3.84 

—0.25 

+  17 

181 

28.62 

9.62 

0.00 

—0.8 

. 

128 

8.56 

4.94 

+0.25 

+4.2 

182 

29.62 

10.62 

0.7s 

—0.7 

0 

129 

12.60 

8.98 

0.75 

+5-5 

183 

30.58 

11.58 

2.75 

—1.6 

0 

1.30 

22.50 

S.96 

1.50 

+2.7 

184  Aug. 

2.58 

1.66 

2.75 

—0.9 

0 

131 

23-52 

6.98 

2.75 

+3.2 

185 

9.58 

8.66 

I. DO 

—0.5 

4 

132 

Nov. 

26.48 

9.94 

0.50 

+3-4 

186 
187 

10.60 
11.60 

9.68 
10.68 

0.25 
0.00 

+0.1 
+0.3 

4 
4 

1908 

18S 

14.60 

13.68(0.76)5.50 

+0.5 

Moon  faint 

133 

Jan. 

5.48 

II. 19 

0.33 

+6.0 

189 

20.60 

6.76 

3.75 

+0.8 

0 

134 

April 

1673 

lo.cS 

0.00 

—5-2 

190 

2356 

9.72 

0.00 

±0.0 

0 

135 

21.69 

2.12 

0.75 

—5-9 

191 

24.62 

10.78 

0.50 

+  1-5 

0 

136 

2571 

6.14 

4-00 

—5-1 

192 

27.65 

0.89 

550 

+17 

137 

29,71 

10.14 

0.25 

—4.9 

193 

28.56 

1.80 

1. 00 

+0.3 

138 

May 

2.75 

0.26 

7.50 

—l-l 

194 

29.62 

2.86 

0.00 

+  1.9 

0 

139 

9.71 

7.22 

1.50 

—42 

2 

195 

30.62 

3.86 

0.00 

+  1.9 

0 

140 

"■75 

9.26 

0.50 

—3.1 

— 

196  Sept. 

7.65 

11.89 

3.00 

+  17 

3 

141 

1571 

0.30 

7.00 

—3-0 

— 

197 

8.62 

12.86 

7.00 

+1.8 

4 

142 

21.62 

6.21 

4.00 

—5.4 

0 

19S 

9.62 

0.94 

5.00 

+  1.9 

4 

143 

21.73 

6.32 

4.25 

—2.9 

0 

199 

10.62 

1.94 

0.00 

+1.9 

4 

144 

22.69 

7.28 

2.00 

-3.8 

0 

200 

14.67 

599 

0.75 

+3.2 

2 

145 

22.71 

7.30 

1.75 

—3-3 

0 

201 

16.56 

7.88 

0.25 

+0.8 

0 

146 

23.62 

8.21 

-[-1.00 

—5-4 

0 

202 

17.62 

8.94 

0.00 

+2.4 

0 

147 

23.83 

8.42 

— 0.50 

—0.4 

0 

203 

18.62 

9  94 

0.00 

+2.5 

Sky  thick 

148 

24.62 

9.21 

+0.75 

—5.2 

0 

204 

21.54 

12.86 

+7.75 

+0.7 

Sky  thick 

140 

26.67 

11.26 

0.75 

—4.1 

0 

205 

24.67 

3.07 

— 0.50 

+3.8 

0 

150 

26.75 

11.34 

1.50 

— 2,1 

0 

206 

26.62 

502 

— 0.00 

+3.0 

151 

^■711 

12.32 

6.00 

— 2.5 

0 

207 

27.62 

6.02 

+0.25 

+3.0 

152 

23.69 

i3.2iL<o.36)8.oo 

—3.5 

0 

20S 

29.62 

8.02 

0.00 

+3.2 

0 

153 

30.67 

2.34 

0.00 

-3.8 

0 

209 

30.62 

9.02 

—0.50 

+3-3 

154 

June 

1. 71 

4.38 

0.50 

—2.7 

0 

210  Oct. 

1.67 

10.07 

—0.50 

+4.3 

0 

155 

2.69 

5.36 

1.75 

—3.1 

0 

211 

2.62 

11.02 

+0.25 

+3.4 

0 

156 

371 

6.3S 

3-50 

-2.6 

0 

212 

3.60 

12.00 

3.50 

+2.9 

2 

157 

4.69 

7.36 

2.00 

—3.0 

— 

213 

4.62 

O.IO 

+7.00 

+3-5 

3 

158 

6.65 

9.32 

0.50 

—4-3 

— 

214 

10.67 

6.15 

—0.25 

+4.9 

4 

159 

11.62 

1.37 

5.00 

—4.0 

3 

215 

11.54 

7.02 

+2.75 

+2.0 

0 

160 

11.71 

1.46 

500 

— 2.0 

3 

216 

12.54 

8.02 

I.OO 

+2.0 

0 

161 

19.67 

942 

0.50 

—2.5 

0 

217 

12.69 

8.17 

0.25 

+5.5 

2 

162 

20.71 

10.46 

0.00 

—1.5 

0 

218 

13.67 

9.15 

0.00 

+5.1 

2 

163 

21.67 

11.42 

0.50 

—2.4 

0 

210 

14.67 

10.15 

—0.25 

+5.2 

2 

164 

22.75 

12.50 

7.50 

-0.3      Sk 

■  thick  0 

220 

15.67 

II.I5 

—050 

+5.3 

I 

165 

23.62 

I3  37( 

3.46)8.50 

—3.3 

221 

1S.58 

I.I4 

+3.25 

+3.4 

0 

166 

24.62 

1.46 

4.00 

—3.2 

222 

19.67 

2.23 

o.co 

+5.5 

0 

167 

25.67 

2.51 

0.75 

— 2.1 

223 

23.56 

6.12 

+0.7S 

+2-Z 

0 

168 

26.62 

346 

0.50 

—3.1 

224 

25.62 

8.18 

—0.50 

+4.9 

0 

169 

27.67 

4.51 

0.00 

— 2.0 

— 

225 

30.52 

0.16 

+7.25 

+2.7 

I 

[70 

28.77 

5-6i 

2.00 

+0.6 

— 

226  Nov. 

1.58 

2.22 

+0.25 

+4-2 

2 

171 

July 

4.71 

11.55 

2.00 

—0.5 

— 

227 

2.54 

3.18 

—0.25 

+3.4 

2 

172 

5.65 

12.49 

6.25 

— 2.0 

I 

228 

3.54 

4.18 

0.00 

+3.5 

2 

173 

7.67 

1.59 

2.50 

—1-3 

2 

229 

4.54 

5.1S 

0.00 

+3.6 

2 

174 

10.65 

4.57 

0.00 

—1.6 

3 

230 

6.52 

7.16 

+2.25 

+3.2 

4 

175 

12.67 

659 

2.50 

— I.O 

4 

231 

8.50 

914 

—I.OO 

+2.8 

1-6 

14.65 

8.57 

0.50 

—1.4 

4 

232 

9.50 

10.14 

—0.25 

4-2.9 

177 

15.67 

9.59 

0.00 

—0.8 

3 

211 

11.54 

12.18 

+0.75 

+4.0 

178 

1S.65 

12.57 

7.50 

— I.I 

0 

234 

11.62 

12.26 

4.00 

+6.0 

2 

179 

19.67 

0.67 

7.00 

—0.6 

0 

235 

12.52 

0.24 

8.2s 

+3-6 

0 

92 


UNIVERSITY  OF  MICHIGAN 


NO.   DATE 

CR.M.T. 

PHASE 

COMPAR.    HP 

.    ANGLE 

NOTES 

NO.    DATE 

GR.M.T. 

PHASE 

COMPAR.    HR.    ANCLE 

NOT 

1908 

DAYS 

DAYS 

STEPS 

HOURS 

909 

DAYS 

DAYS 

STEPS 

HOURS 

236 

12.62 

0-34 

7.75 

+6.0 

2 

290 

Aug. 

3.62 

5.95 

2.O0E 

—06 

3 

237 

13-54 

1.26 

+  1-75 

+4-1 

291 

3.75 

6.08 

I.50W 

-0.6 

238 

1452 

2.24 

0.00 

+37 

292 

4.75 

7.08 

+  I-50W 

+2.5 

2 

239 

15-50 

3.22 

—1-25 

+3.3 

0 

393 

6.75 

9.08 

—I.ooW 

+2.6 

2 

240 

20.50 

8.22 

0.00 

+3.6 

0 

294 

8.67 

11.00 

o.ooW 

+0.7 

0 

241 

21.50 

9.22 

—2.00 

+3-7 

0 

295 

20.71 

10.12 

o.ooW 

+2-5 

0 

242 

24.52 

12.24 

+2.75 

+4-4 

0 

296  Sept. 

8.73 

3.30 

— 0.50SW  +  1.9 

0 

243 

26.54 

1.34 

0.00 

+5-0 

0 

297, 

9.73 

4.30 

O.ooSW +2.0 

0 

244 

27-50 

2.30 

— I.OO 

+4.0 

— 

298 

10.73 

5.30 

+2.O0SW+2.I 

0 

245 

28.50 

3.30 

—1.25 

+4-1 

I 

299 

11.79 

6.36 

5.O0SW+3-6 

0 

246 

30-54 

5.34 

0.00 

+5-2 

I 

300 

12-75 

732 

+2.00S\\ 

'+2-7 

0 

247  Dec. 

1-52 

6.32 

+1.25 

+4.8 

I 

301 

i3.;5 

8.32 

— 0.50SW+2.8 

0 

248 

2.60 

7.40 

1-50 

+6.9 

I 

302 

14.77 

9-34 

-iooSW+3.3 

0 

249 

950 

1.38 

2.50 

+4.8 

4 

303 
304 

1S.70 
19.70 

0.35 
1.35 

+8.50SW  +2.0 
0.50SW+2.1 

0 
0 

1909 

305 

20.73 

2.38 

0.50SW+2.7 

0 

250  April 

22.-1 

6.40 

4.50 

—5-3 

— 

306 

24.70 

6.35 

5.50SW+2.4 

2 

251 

25.69 

9.38 

0.50 

— S-- 

— 

307 

25.70 

7.35 

+4-50SW  +2.5 

3 

25^ 

27.71 

11.40 

1.75 

—5-0 

— 

308 

26.70 

8.35 

— 0.50SW+2.6 

3 

253  May 

7.67 

8-44 

350 

—5-3 

3 

309 

2S.73 

10.3S 

O.ooSW +3.1 

4 

254 

10.62 

11-39 

2.25 

—62 

0 

310 

29.71 

11.36 

+0.508  W +3.8 

4 

255 

12.67 

0-52 

8.50 

—5-0 

0 

311 

Oct. 

5-56 

4.29 

O.ooSW +2.1 

0 

256 

22.71 

10.56 

1.25 

—3-4 

0 

312 

6.56 

S.29 

i.ooSW+2.2 

0 

257 

28.67 

3-60 

0.50 

—4.0 

2 

313 

14.71 

0.52 

8.50SW+6.2 

0 

258 

29-71 

4.64 

I.OO 

—2.9 

2 

314 

18.67 

4.48 

1.509W+5.4 

0 

259  June 

1. 71 

7-64 

1. 25 

—2.8 

3 

315 

30.62 

3.52 

0.00 

+S-i 

3 

260 

1.-.67 

4.68 

1-50 

—31 

0 

316 

Nov. 

3-58 

7.48 

i.ooSW+4-5 

0 

261 

13-62 

6.63 

5.00 

—3.9 

0 

317 

6-54 

10.44 

0-50 

+3-7 

0 

262 

15-62 

8.63 

2.00 

-38 

0 

318 

10.50 

1.48 

2.50 

+2-9 

0 

263 

16.62 

9-63 

3.00 

—3.9 

— 

319 

25-54 

3-6o 

0.00 

+4-9 

4 

264 

17-65 

10.66 

0.50 

—3.4 

— 

320 

26.58 

4.64 

0.50 

+6.0 

4 

26s 

18.65 

11.66 

0.50 

—3.3 

0 

321 

27.54 

5-6o 

3.00 

+5.0 

4 

266 

19.67 

12.68 

7.00 

—27 

0 

322 

29.58 

7-64 

+2-50 

+6.2 

3 

267 

20.65 

0.74 

7.00 

—3.-; 

0 

325 

30.54 

8.60 

—0.25 

+5-2 

0 

268 

24-75 

4.84 

+  1.00E 

—0.2 

0 

324 

Dec. 

8.46 

3.60 

+0.12 

+3.8 

0 

269 

24-75 

4-84 

— i.ooW 

— 0.2 

— 

270 

28.62 

8.71 

+0.50 

—30 

2 

1910 

271 

29.71 

9.80 

-I-0.50E 

—1.2 

3 

325 

April 

13.73 

0.67 

6.75 

— 5-5 

0 

272 

29.71 

9.80 

— 0.50W 

— 1.2 

— 

326  May 

5-67 

969 

025 

—5-5 

0 

273  July 

1.71 

11.80 

+4.00E 

—0.9 

4 

327 

12.71 

3-81 

I.OO 

—4-1 

I 

274 

1. 71 

11.80 

2.00W 

—09 

32S 

1371 

4.81 

I.OO 

—4.0 

I 

27s 

5-75 

2.92 

+1.00E 

+0.5 

— 

329 

14.63 

573 

2.00 

-59 

2 

276 

2.92 

— i.ooW 

+0-5 

— 

330 

14.83 

5-93 

4.00 

—0.9 

— 

277 

6.71 

3.88 

+1.00E 

—0.4 

3 

331 

15.83 

6.93 

6.00 

—0.8 

0 

278 

3.88 

— 2.00W 

—0-4 

3 

332 

24.75 

2.93 

+0  00 

—2-3 

4 

279 

7-71 

4.88 

+  1.00E 

—0-3 

2 

33,3 

25.7s 

3.93 

—0.25 

—2.2 

4 

280 

7-71 

4.88 

— 0.50W 

—0-3 

2 

334 

26.75 

4.93 

0.00 

— 2.1 

3 

281 

8.62 

579 

+3.25 

—2.3 

0 

335 

June 

5.71 

1-97 

+0.75 

— 2.5 

0 

282 

9-67 

6.84 

+6.75 

— 1.2 

0 

336 

667 

2.93 

0.00 

—3.4 

0 

283 

12.79 

9.96 

-i.SoW 

+2.0 

0 

337 

7.67 

3.93 

0.50 

—3-3 

0 

284 

15-75 

0.00 

+7.75E 

— 1.2 

0 

338 

9.67 

5.93 

2.50 

—32 

0 

285 

16.75 

1. 00 

3.25E 

—I.I 

0 

339 

12.71 

8.97 

0.00 

—2.0 

0 

286 

18.67 

2.92 

0.50W 

—0.6 

0 

340 

15-67 

11-93 

1.50 

—2.8 

2 

287 

19.71 

3.96 

o.ooSW+0.4 

0 

341 

16.7s 

009 

8.00 

-0.8 

3 

288 

21.71 

S.96 

o.ooSW  +0.6 

0 

342 

18.71 

2.0s 

1.50 

—1.6 

3 

289 

25.67 

9.92 

I.ooW 

—0.2 

2 

343 

19.71 

3-05 

0.50 

—1.5 

3 
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NO.    DATE 

GR.M.T. 

PH.VSE 

COMI'AR.    HR.    ANCLE 

NOTES 

.VO.    DATE 

CR.M.T. 

PHASE 

COM  PAR.    HR.    ANCLE 

NOT 

I9IO 

D.\YS 

D..\YS 

STEPS 

HOURS 

910 

DAYS 

DAYS 

STEPS 

HOURS 

344 

21.71 

5.0s 

0.50 

—1-4 

4 

400 

23-58 

12.64 

775 

■¥1-1 

0 

345 

22.75 

6.09 

2.50 

—0.3 

4 

401 

25-SO 

1.64 

0-75 

+  1.8 

0 

346 

24.71 

8.05 

I.OO 

—1.2 

4 

402 

25-67 

I.81 

+0-50 

+5-8 

0 

347 

27.67 

II.OI 

0.50 

—2.0 

0 

403 

28.58 

4-72 

—0.50 

+40 

0 

348 

28.67 

12.01 

3-75 

—  1.9 

0 

404 

31.54 

7.68 

0.00 

+3.2 

0 

349  July 

4.67 

5-09 

1.00 

—1.6 

0 

405 

Nov. 

3.58 

10.72 

0.00 

+4-5 

0 

350 

7-71 

8.13 

+  1.00 

—0.4 

0 

406 

4.50 

11.64 

+0.25 

+2-5 

0 

351 

8.71 

9-13 

—0.50 

—03 

0 

407 

4-63 

11.77 

0.75 

+5-5 

0 

352 

9.63 

10.05 

+0.00 

—2.2 

0 

408 

5-54 

12.68 

+7-50 

+3-6 

0 

353 

10.67 

11.09 

0.25 

— 1.2 

0 

409 

8.50 

2.72 

—0.2s 

+2.8 

0 

354 

12.71 

0.21 

8.25 

—0.1 

0 

410 

19-58 

0.88 

+4-50 

+5-5 

2 

355 

1367 

I.I7 

6.00 

— I.O 

2 

411 

20.50 

1.80 

0.50 

+3-6 

0 

356 

17.67 

5-17 

0.50 

—0.7 

3 

412 

26.50 

7-80 

+  I-2S 

+4.0 

0 

357 

18.67 

6-17 

300 

—0.6 

4 

413 

Dec. 

4-54 

2.92 

—0.25 

+5-5 

0 

358 

19.67 

7-17 

3-50 

.-0.6 

4 

414 

9-54 

7-92 

+0.50 

+5-8 

2 

359 

20.63 

8-13 

1-25 

—1-5 

4 

415 

12.52 

10.90 

0.50 

+5.5 

2 

360 

2463 

12.13 

3-25 

—1-3 

0 

416 

20.52 

5.98 

I.OO 

+6.0 

0 

361 

25-67 

0.25 

8.00 

—0.2 

3 

417 

21.50 

696 

1.50 

+5.6 

0 

362 

27.67 

2.25 

+0-75 

—0.1 

0 

418 

2350 

8.96 

0.00 

+5-7 

0 

363 

28.67 

325 

—0.25 

±0.0 

0 

419 

26.50 

11.96 

1-50 

+5-9 

0 

364 

29.71 

4.29 

+0.25 

+  M 

0 

365 

30.63 

5-21 

3-50 

—0.9 

0 

191 1 

366 

3163 

6.21 

2.00 

—0.8 

0 

420 

Apr. 

16.67 

6.86 

5.00 

—6.8 

3 

367  Aug. 

2.67 

8.25 

0.50 

+0.3 

0 

421 

17-67 

7.86 

1.00 

-6.7 

0 

368 

363 

921 

+0.00 

—0.8 

0 

422 

22.71 

12.90 

8.00 

-5-4 

0 

369 

4.63 

10.21 

—0.50 

—0.7 

0 

423 

24.71 

1.98 

0.50 

-5-3 

0 

370 

5.67 

11.25 

+1-50 

+0.5 

0 

424 

25-71 

2.98 

0.00 

—5-2 

0 

371 

6.58 

12.16 

1.50 

—1-4 

0 

425 

.May 

2-75 

10.02 

0.00 

—y? 

0 

372 

8.71 

1-37 

2.75 

+  1.7 

0 

426 

3-75 

11.02 

I.OO 

-3-6 

0 

373 

10.67 

333 

0.50 

+0.8 

0 

427 

4  79 

12.06 

500 

—2.6 

0 

374 

12.71 

5-37 

0.50 

+2.0 

0 

428 

5.75 

O.IO 

7-25 

—3-5 

2 

375 

18.67 

11-33 

0.50 

+1-2 

4 

429 

6.71 

1.06 

5-50 

—4-5 

2 

376 

1975 

12.41 

5-00 

+3-2 

4 

430 

7-75 

2.10 

I.OO 

—3-4 

2 

yji 

20.71 

0-45 

8.00 

-1-2-5 

0 

431 

10-75 

S-io 

2.00 

—3-2 

3 

378 

26.58 

6.32 

4.00 

— O.I 

0 

432 

12.71 

7.06 

4-25 

—4.1 

4 

379 

27.58 

7-32 

300 

±0.0 

0 

433 

13-75 

8.10 

I.OO 

—30 

4 

380  Sept. 

7.63 

545 

0.50 

+  1-5 

0 

434 

17.71 

I2.05 

4-50 

—3-7 

0 

381 

8.63 

6.45 

6.50 

+  1.6 

0 

435 

18.79 

0.22 

8.50 

—1-7 

0 

382 

14  71 

12.53 

6.00 

+4-0 

3 

436 

23-71 

5-14 

2.50 

—3-2 

0 

383 

16.58 

1.43 

1.50 

+  1.1 

4 

437 

24-79 

6.22 

1.75 

—1-3 

0 

384 

1963 

4-53 

0.00 

+2-3 

4 

438 

25-75 

7.18 

3-50 

— 2.2 

0 

38s 

27.71 

12.61 

9.00 

+5-0 

0 

439 

26.79 

8.22 

1.50 

—I.I 

0 

386 

28.71 

0.69 

8.00 

+5-1 

0 

440 

30.75 

12.18 

2.75 

—1.9 

0 

387 

29-54 

1-52 

0.00 

+  I-I 

0 

441 

31-75 

0.26 

7-75 

—18 

0 

38S  Oct. 

1.58 

3-56 

0.50 

+2.2. 

0 

442 

June 

1-75 

1.26 

250 

—18 

0 

389 

2.54 

4-52 

0.00 

+  1-3 

0 

443 

2-75 

2.26 

0.75 

—1-7 

I 

390 

4-54 

6.52 

I.OO 

+  1-5 

0 

444 

5-75 

5-26 

0.50 

—1-5 

2 

391 

6.67 

8.65 

I.OO 

+4.6 

0 

445 

8-75 

8.26 

1.00 

— 1.2 

3 

392 

7.67 

9-65 

+0.50 

+4.7 

0 

446 

9.71 

9.22 

0.50 

— 2.2 

4 

393 

8-63 

10.61 

—0.50 

+3.7 

0 

447 

10.67 

10.18 

0.50 

—3-2 

4 

394 

9-54 

11-52 

+0-50 

+I.S 

2 

448 

11-75 

11.26 

0.50 

—I.I 

4 

395 

10.54 

12.52 

9.00 

-fi.8 

2 

449 

13.75 

0.34 

9.00 

— 1.0 

3 

396 

11.54 

0.60 

9.00 

+  1-9 

2 

450 

14.67 

1.26 

5-50 

—2-9 

0 

397 

11.67 

0-73 

8.00 

+4.9 

2 

451 

18.67 

5-26 

I.OO 

—2.6 

0 

398 

13.67 

2.73 

000 

+5.1 

3 

452 

19  71 

6.30 

1-50 

—1.6 

0 

399 

16.63 

S-69 

1-50 

+4-3 

453 

20.67 

7.26 

2.50 

—2-5 

0 

94 


UNIVERSITY  OF  MICHIGAN 


NO.    DATE 

GR.M.T. 

PHASE 

COMPAR.    HR.    ANGLE 

NOTES 

NO.    DATE 

r.R.M.T. 

PHASE 

COMPAR.    HR.    ANGLE 

NOT 

191 1 

DAYS 

DAYS 

STEPS 

HOURS 

I9II 

DAYS 

DAYS 

STEPS 

HOUKS 

454 

21.67 

8.26 

I.OO 

—2.4 

0 

510 

7-58 

12.81 

+7-50 

+2.7 

4 

455 

22.67 

9.26 

0.50 

—2.4 

0 

511 

11.63 

3-94 

0.50 

+3.9 

3 

456 

23.67 

10.26 

0.50 

—2.3 

0 

512 

18.50 

10.81 

—  I.OO 

+  1.4 

0 

457 

26.71 

0.38 

7.50 

— I.I 

0 

513 

22.71 

2.10 

+0.00 

+6.7 

458 

27.71 

1.38 

1.75 

— I.O 

0 

SI4 

25-54 

493 

+I-SO 

+2.8 

0 

459 

28.71 

2.38 

0.00 

— 1.0 

0 

515 

27.71 

7.10 

3-50 

+70 

0 

460 

29.67 

3-34 

0.00 

—1-9 

0 

5I& 

28.54 

7-93 

+0.00 

+3.0 

I 

461 

30.67 

4-34 

0.00 

—1.8 

0 

517 

29-50 

8.S9 

—0.50 

+2.1 

2 

462  July 

I.7I 

S.38 

1-25 

—0.8 

0 

518  Nov. 

8.50 

5-97 

+0.50 

+2.8 

3 

463 

3.67 

7-34 

3-50 

—1.6 

2 

519 

15-58 

0.13 

8.2s 

+5-2 

0 

464 

5-71 

9-38 

+0.50 

—0-5 

3 

520 

22.50 

7-05 

2.25 

+2-7 

0 

465 

6.75 

10.42 

—0.50 

+0.6 

3 

521 

29.50 

I- 13 

+4-50 

+4.1 

2 

466 

7-71 

11.38 

+I-S0 

—0.4 

3 

522 

30.54 

2-17 

—0.2s 

+S2 

2 

467 

8.79 

12.46 

7-50 

+  1-7 

523  Dec. 

13-50 

2.21 

0.00 

+5.1 

0 

468 

9-75 

0.50 

7-50 

+0.7 

524 

22.50 

II. 21 

0.00 

+5-7 

0 

469 

11.67 

2.42 

0.50 

—I.I 

4 

525 

28.50 

4-29 

0.00 

+6.2 

2 

470 

11.79 

2.54 

0.00 

+1-9 

4 

471 

12.63 

3-38 

0.00 

— 2.1 

0 

1912 

472 

1371 

4-46 

0.50 

±0.0 

4 

526  Mch. 

16.83 

6.10 

+5-00 

-4.8 

0 

473 

14-63 

5-38 

2.75 

—1-9 

0 

527 

19-79 

9.06 

0.00 

—5-6 

0 

474 

17-63 

8.38 

2.25 

—1-7 

0 

528 

22.83 

12.10 

5-00 

—4-4 

475 

19-75 

10.50 

0.50 

+1-4 

0 

529 

24-83 

1. 18 

S-50 

—4-2 

0 

476 

20.67 

11.42 

1.50 

—0.5 

0 

530 

26-75 

3.10 

0.50 

—6.1 

2 

477 

21.67 

12.42 

6.50 

—0-5 

0 

531 

29.79 

6.14 

3.00 

—4-9 

3 

478 

22.71 

0.54 

6.50 

+0.6 

0 

532  April 

5-75 

0.17 

8.00 

—5-4 

2 

479 

23.67 

1-50 

0.50 

— 0-3 

0 

533 

10.71 

5-13 

2.25 

—6.1 

0 

480 

26.67 

4-50 

I.OO 

— 0.1 

0 

534 

14-75 

9-17 

1.50 

-4.8 

0 

481 

27-83 

5-66 

3-00 

+3-9 

0 

535 
536 

15-75 

10  17 
6.29 

0.50 

—4.8 

0 

482 

2867 

6.50 

2.5c 

±0.0 

0 

24.79 

4.00 

—2.8 

2 

483 

29.67± 

7-50 

I.OO 

+0.1 

0 

537 

26.75 

8.2s 

I.OO 

—4-1 

3 

484 

30.63 

8.46 

0.50 

— 0.9 

0 

538 

27.71 

9.21 

0.50 

—5-0 
-4-8 

3 

485  Aug. 

463 

0.54 

8.00 

—0.6 

3 

5.TO 

30.71 

12.21 

5-50 

4 

486 
487 

6.79 
8.67 

2.70 
4-58 

0.00 
0.50 

+3-6 
+0.7 

4 
4 

540  May 

541 

542 

8.79 
963 

14.71 

7-37 
821 
0.37 

3-75 
0-75 

6.75 

—2.3 
^-3 
-3-9 

0 
0 
0 

488 

15-79 

11.70 

1-25 

+4-2 

2 

543 

17-75 

3-41 

1.00 

—2.7 

0 

489 

17-58 

0-57 

8.00 

—0-7 

0 

544 

2479 

10-45 

0.50 

—1.2 

2 

490 

1863 

1.62 

3-00 

+0.4 

0 

545 

25.67 

11.33 

0.50 

—4.2 

3 

491 

19-75 

2.74 

0.00 

+3-4 

0 

546 

30-75 

3-49 

0.25 

—1.8 

4 

492 

20.75 

3-74 

0.00 

+3-5 

0 

547 

31-75 

449 

0.00 

—1.8 

4 

493 

28.75 

11.74 

I.OO 

+3-6 

0 

548  June 

2-71 

6.45 

4.50 

—1.6 

0 

494 

29-75 

12.74 

5-50 

+4-1 

0 

549 

4.67 

8.41 

0.50 

— 1-5 

0 

495 

30-75 

082 

6.00 

+4-2 

0 

550 

6.75 

10.49 

0.^0 

—1-4 

0 

496 

31-67 

1-74 

1.50 

+2.2 

2  low 

551 

8.75 

12.49 

6.75 

— 1.2 

0 

497  S«pt. 

1.67. 

2.74 

+0.00 

+2.3 

2 

552 

9.67 

0.49 

7-50 

—3-2 

0 

498 

2.63 

3-70 

— I.OO 

+  1-4 

2 

553 

10.75 

1-57 

4.50 

— I.I 

0 

499 

3-67 

4-74 

+0.00 

+2.4 

3 

554 

13-79 

4.61 

0.25 

+0.1 

0 

503 

5-67 

6-74 

+4-50 

+2.6 

3 

555 

21-75 

12.57 

6.50 

—0.4 

2 

501 

9-63 

10.70 

—0.50 

+  1.8 

4 

556 

22.71 

13-53 

7.00 

—1-3 

2 

502 

12.63 

0.78 

+6-50 

+2.0 

2 

557 

30.67 

857 

1-25 

— I.S 

4 

S03 

13.67 

1.82 

1-50 

+3-1 

2 

558  July 

2.67 

10.57 

0.50 

—1-7 

0 

304 

16.63 

4-78 

0.50 

+2-3 

0 

559      • 

3-75 

ii.6s 

0.50 

+0-4 

2 

505 

17-58 

5-73 

0.75 

+14 

0 

560 

6.67 

1.65 

2.00 

—1.4 

0 

506 

18.63 

6.78 

2.00 

+2.4 

0 

561 

9-71 

4.69 

2.00 

—0.2 

0 

507 

23-67 

11.82 

150 

+i-7 

0 

562 

10.71 

5-69 

0.50 

— 0.1 

0 

508 

27.67 

2.90 

0.50 

+4.0 

0 

563 

11.71 

6.69 

3-50 

—0.1 

0 

509  Oct. 

2.67 

7.90 

0.50 

+4-3 

3 

564 

17.71 

I2.6g 

5-00 

+0.3 

0 
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NO.    DATE  r.R.M.T.  PHASE      COMl'AR.    HR.    ANGLE  NOTES 

1912  DAYS  DAYS  STITS  HOURS 

565  18.67  0,-3  7.25  —0.6  O 

566  22.67  4  73  1-50  —0.3  2 

567  29. 58  11.64  2.25  —1.9  O 

568  3I7I  0.83  6.50  +1.2  2 

569  Aug.  2.67  2.81  0.50  +0.4  2 

570  6.67  6.81  5.00  +0.6  O 

571  11.67  ii-8i  0.00  +1.0  0 

572  15.67  2.89  0.00  +1.2  O 

573  20.71  7-93  +0.50  +2.6  o 
5-4  21.75  8.97  — i.oo  +3.6  o 

575  26.63  0.93  +450  +1.0  4 

576  Sept.  3.58  8.88  +0.50  +0.4  o 

577  567  10.97  —050  +2.5  o 

578  6.58  11.88  +0.50  +0.6  o 

579  758  12.88  5.75  +0.6  o 

580  8.58  0.96  5.00  +0.7  0 

581  958  1.96  0.50  +0.8  o 

582  11.58  3.96  0.00  +09  o 

583  12.58  4.96  0.00  +1.0  o 

584  15-63  8.01  +0.00  +2.2  o 

585  18.63  1 1 01  —0.50  +2.4  I 

586  22.67  2.13  —0.25  +3.6  2 

587  23.63  3.09  —I.OO  +2.7  3 

588  26.63  6.09  +1.00  +2.9  4 

589  29.67  9.13  0.00  +4.2  3 

590  Oct.  1.67  1 1. 13  0.25  +4.3  2 

591  2.58  12.04  0.50  +2.4  o 

592  4.58  1. 12  0.50  +2.5  0 

593  5.67  2.21  +0.00  +4.6  o 

594  12.67  921  — 0.50  +5.0  o 

595  1371  10.25  +0.00  +6.1  o 
506  16.58  0.20  8.25  +3.3  I 

597  1Q.63  325  0.00  +4.5  2 

598  20.54  416  0.50  +2.6  3 

599  24.58  8.20  0.50  +3.8  4 

600  26.67  10.29  +0-50  +6.0  4 

601  Xov.  7.50  9.20  — 0.50  +2.7  o 

602  10.54  12.24'      +1.50  +3.9  o 

603  15.50  4.28  —0.25  +2.9  I 

604  2050  9.28  0.00  +3.6  3 

605  27.50  3.36  —0.50  +4.2  o 

606  30.46  6.32  +3-00  +3.3  o 

607  Dec.  4.46  10.32  —0.25  +3.5  o 

608  7.50  0.44  +7.50  +4-7  o 

609  7.50  044  P=i  +4.7 

610  9.50  2.44  0.00  +4-8  o 

611  12.50  5.44  0.00  +5.0  I 

612  14.50  7.44  +2.50  +5.2  2 

613  17.50  1044  —0.25  +5.4  2 

614  22.50  2.52  +1.00  +5.7  4 

615  28.50  8.52  0.00  +6.1  0 

1913 

616  Jan.  4.50  2.60  0.00  +6.6  o 

617  8.50  6.60  2.25  +6.8  o 

618  950  760  1.25  +6.9  o 

619  Feb.  8.87  12.13  +425  —6.1  o 


RKDUCTIONS. 

In  the  reductions  the  observations  of  each  year 
were  first  treated  separately  in  order  to  bring 
out  any  changes  in  the  light  curve.  The  light 
estimates  for  each  year  were  arranged  in  order 
of  phase  and  were  combined  into  normal  places 
in  groups  of  from  three  to  six  observations. 
These  results  for  all  six  years  were  then  plotted 
on  a  large  scale  upon  one  graph  in  a  manner  cal- 
culated to  facilitate  the  detection  of  variations 
from  year  to  year. 

As  no  yearly  variations  were  surely  established 
the  entire  set  of  612  observations  was  then  re- 
duced in  the  same  manner,  the  resulting  normal 
places  containing  from  eight  to  eleven  observa- 
tions but  in  most  cases  ten,  as  indicated  in  Table 
II.  The  resulting  sixty-one  mean  values  of  the 
brightness  of  ^  Lyrae  were  plotted  against  the 
corresponding  phase  times  and  through  the  points 
so  determined  the  preliminary  light  curve  was 
drawn. 

The  residual  for  each  of  the  original  single  es- 
timates was  then  scaled  ofiF  from  this  curve. 
These  residuals  with  the  corresponding  hour  an- 
gles were  arranged  in  order  of  increasing  hour 
angle  and  w^ere  combined  into  eighteen  normal 
places  each  of  which  furnished  a  value  of  the 
mean  residual,  from  the  mean  cun'e,  correspond- 
ing to  a  mean  hour  angle.  These  normal  places 
supplied  the  data  from  which  the  preliminary 
hour  angle  correction  curve  was  directly  drawn. 
However  it  was  soon  apparent  that  the  amplitude 
of  the  hour  angle  correction  cun-e,  giving  the 
error  affecting  any  light  estimate  due  to  the  rel- 
ative position  of  the  stars  in  the  sky,  depended 
on  the  brightness  of  the  variable.  Very  probably 
when  the  variable  was  faint  the  star,  8  Lyrae,  was 
taken  more  directly  into  account  in  the  observa- 
tions and  its  position  with  reference  to  the  varia- 
ble entered  more  directly  into  the  result.  Ac- 
cordingly the  observations  were  divided  into 
three  classes;  those  within  a  step  and  a  half  of 
y  Lyrae,  those  between  one  and  a  half  and  four 
steps  fainter  than  y  Lyrae,  and  those  more  than 
four  steps  fainter  than  y  Lyrae.  For  each  of 
these  classes  the  error  cur\-e  depending  upon 
hour  angle  was   then  determined.      Finally  the 
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correction  to  each  one  of  the  original  612  esti- 
mates was  taken  from  the  proper  hour  angle 
error  curve  and  from  these  the  corresponding 
correction  to  each  of  the  original  sixty-one  nor- 
mal places  was  derived. 

At  this  point  the  probable  error  of  a  single 
estimate  of  the  brightness  of  the  variable  was 
determined  for  an  observation  in  each  of  the 
three  classes  of  observations  mentioned  above. 
And  on  the  basis  of  these  probable  errors  six  of 


THE  RESULTS. 

The  cur\'es  representing  the  character  and  ex- 
tent of  the  variation,  with  changing  hour  angle, 
of  the  apparent  brightness  of  p  Lyrae  referred 
to  the  comparison  stars  are  reproduced  in  Plate 
XV.  Horizontally  the  large  squares  on  the  dia- 
gram represent  hours  of  hour  angle ;  vertically 
they  represent  one  of  the  units  (0.12  magn.)  used 
in  the  light  comparisons.  Originally  the  obser- 
vations of  the  first  as  well  as  the  second  light 
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the  original  observations  were  rejected  in  accord- 
ance with  a  careful  application  of  the  usual  cri- 
terion. 

As  a  final  measure,  to  examine  the  effect  on  the 
light  cur\-e  of  any  chance  grouping  of  the  obser- 
vations in  the  normal  places,  new  means  were 
formed  in  which  the  single  estimates  were  com- 
bined in  groups  of  five.  And  also  a  new  set  of 
normal  places  containing  ten  observations  each 
were  fonned  by  combining  the  first  five  observa- 
tions of  each  of  the  original  normal  places  with 
the  last  five  of  the  preceding  normal  place. 


maximum  were  reduced  separately  but  the  result- 
ing curves  were  so  nearly  identical  that  it  was 
considered  best  to  combine  them  into  one  graph. 
The  lower  curve,  therefore,  is  based  upon  all  the 
observations  of  the  variable  within  one  and  one- 
half  steps  of  y  Lyrae.  The  second  cur\^e  results 
from  a  study  of  the  observations  near  secondary 
minimum  and  at  the  phases  before  and  after 
principal  minimum  when  the  brightness  of  the 
variable  was  in  the  neighborhood  of  that  at  sec- 
ondary minimum.  The  upper  curve  is  based  on 
the  observations  near  the  principal  minimum. 
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A  study  of  these  curves  indicates  that  the  dou- 
ble amplitude  of  this  cfTect  is  about  eight  one- 
hundredths  of  a  step  or  ahout  one-tenth  of  a 
magnitude  wlien  tlie  variable  and  comparison 
star  are  of  nearly  the  same  brightness.  As  the 
diflference  in  brightness  of  comparison  and  varia- 
ble becomes  larger  the  amplitude  of  this  curve 
seems  to  increase  very  markedly.  lUit  when  the 
variable  becomes  comparable  in  brightness  with 
the  fainter  comparison  star  lying  in  a  new  direc- 
tion there  seems  to  be  no  well  established  depend- 
ence of  the  errors  of  estimations  upon  hour  angle 
changes.  Thus  it  is  evident  that  this  cftect  is  a 
complicated  one  related  verj'  probably  to  the  dis- 
tance between  the  two  compared  stars,  the  rela- 
tive brightness  of  the  two  stars,  and  the  angle 
between  the  line  joining  the  two  stars  and  a  ver- 
tical line  passing  through  a  point  midway  be- 
tween them.  Also  this  effect  includes  differences 
due  to  variation  of  the  relative  atmospheric  ab- 
sorption of  variable  and  comparison  stars  with 
changing  hour  angle. 

In  any  given  case,  it  will  be  difficult  to  elim- 
inate this  efifect,  especially  when,  as  in  Arge- 
lander's  method,  different  comparison  stars  are 
given  the  greatest  weight  in  the  comparisons  in 
different  parts  of  the  light  curve.  In  general  in 
a  series  of  observations  of  a  short  period  varia- 
ble extending  over  a  period  of  years  the  errors 
arising  from  this  source  may  be  considered  as 
accidental.  In  the  present  case  the  original  obser- 
vations, as  stated  above,  have  been  corrected  for 
this  error  on  the  basis  of  the  curves  detennined. 
But  even  here  it  is  readily  seen  that  the  effect 
is  not  entirely  corrected  for  and  that  very  small 
relative  shifts  in  different  parts  of  the  final  light 
curve  may  result  from  the  variation  of  the  mag- 
nitude of  the  hour  angle  error  with  the  brightness 
of  the  variable  and  also  from  the  fact  that  the 
observer  cannot  follow  the  stars  during  their 
motion  entirely  around  their  diurnal  circles. 

The  mean  observed  brightnesses  of  /3  Lyrae. 
corrected  for  hour  angle  effect,*  are  given  with 
their   corresponding   phases   in   Table    II.      The 


first  column  contains  the  piiase  reckoned  from 
principal  minimum ;  the  second,  the  mean 
brightness  in  steps  referred  to  y  Lyrae;  the 
third,  the  corresponding  magnitudes  referred  to 
7  Lyrae  which  is  assumed  to  be  1.22  magnitudes 
brighter  than  S  Lyrae.  The  fourth  column  gives 
the  number  of  observations  entering  into  each 
mean  and  the  fifth  the  residuals  from  a  smooth 
mean  curve. 

T.\BLE  II.— XORM.\L  PL.A.CES. 


*  This  correction  is  taken   from  the  lower  curves  of 
plate  XV. 
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+785 
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1.41 
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0.51 
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10 
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10 
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10 

— 0.016 
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10 
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S()03 

1-52 

0.185 

10 

+0.085 

6.140 

2.32 

0.283 

10 

—0.028 

6-293 

3-15 

0.384 

10 

±0.000 

6-444 

3-82 

0.465 

10 

—0.031 

6.630 

3.36 

0.410 

10 

+0.048 

6.847 

4.06 

0.49s 

10 

-0.043 

7- 118 

2.64 

0.322 

10 

+0.054 

7-310 

2.47 

0.301 

10 

+0.012 

7-437 

2.45 

0.299 

9 

+0.037 

7-636 

1.84 

0.224 

8 

— 0.027 

7-885 

0.86 
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10 

+0.033 
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0.77 

0.C94 

10 
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0.69 
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PHASE 

ME.VN 

COMP.\RISON 

OESERV.-V- 

RESir. 

STEPS 

UACN. 

TIONS 

M.\CN. 

8.60s 

0.64 

0.078 

9 

—0.032 

8.938 

+0.19 

+0.023 

II 

±0.000 

9.163 

0.05 

— 0.006 

10 

+0.018 

9.272 

— O.II 

—0.013 

10 

+0.021 

9-493 

+0.26 

+0.032 

10 

—0.032 

9727 

-l-o.oi 

+  0.002 

10 

— 0.004 

9.996 

— O.II 

— 0.014 

10 

+0.015 

10.154 

—0.14 

— 0.017 

10 

+0.022 

10.331 

+0.33 

+0.040 

10 

—0.028 

10.485 

0.45 

0.055 

10 

—0.035 

10.690 

0.27 

0.033 

II 

+0.004 

11.029 

0.29 

0.035 

10 

+0.036 

11.273 

0.63 

0.077 

II 

+0.023 

11.508 

I-3I 

0.160 

10 

—0.020 

11.728 

1-33 

0.162 

10 

+0.035 

11.949 

2.47 

0.302 

10 

—0.020 

12.156 

3.23 

0.394 

10 

+0.020 

12.389 

5-52 

0.674 

10 

—0.005 

12.586 

7.36 

0.898 

9 

+0.019 

12.836 

+7.56 

+0.922 

9 

+0.010 

The  phases  and  corresponding  magnitudes  in 
this  table  are  plotted  in  Plate  XVI,  upper  curve. 
The  magnitudes  indicated  on  the  margins  of  this 
plate  appi}'  only  to  the  upper  curve  and  corre- 
spond to  a  magnitude  of  3.30  for  y  Lyrae,  and 
4.52  for  8  Lyrae. 

To  exhibit  any  minor  irregularities  that  may 
be  present  in  this  curve  the  successive  points  have 
been  connected  throughout.  And  to  determine 
the  bearing  of  any  chance  grouping  of  the  obser- 
vation in  forming  normal  places  the  original  ob- 
servations have  been  combined  in  two  other  dif- 
ferent ways  as  described  above.  The  new  nor- 
mal places  thus  found  show  that  the  first  set  rep- 
resents the  observations  very  satisfactorily 
though  some  minor  changes  in  the  small  features 
of  the  curve  would  result  if  the  parallel  mean 
brightnesses  were  used. 

In  Plate  XVI  a  smooth  mean  curve  has  been 
drawn  through  the  observations.  Corresponding 
to  this  mean  curve,  the  relative  phase  times  and 
the  magnitudes  at  the  principal  phases  are  found 
in  Table  III  which  also  contains  similar  data 
obtained  from  the  observations  of  separate  years. 
The  phase  times  refer  to  principal  minimum  as 
computed  Ijy  Pannekoek's  revised  formula. 


TABLE  III.— MAGNITUDES  AND  RELATIVE 
TBIES  OF  PRINCIPAL  PHASES. 

PRINCIPAL  FIRST  SECONDARY         SECOXD 

YEAR  MINIMUM     MAXIMUM      MINIMUM      MAXIMUM 

PHASE  PHASE  PHASE  PHASE 

PAYS    MAG.    DAYS    MAG.     DAYS    M.\G.      DAYS     MAG. 


o.io  4.29  3.34  3.30  6.67  3.71  9.90  3.32 

o.io  4.25  3.35  3.28  6.76  3.68  9.65  3.28 

429  3-55  3-29  6.56  3.84  9.77  3.31 

0.16  4.31  3.48  3.30  6.57  376  10.17  3.30 

0.16  4.28  3.48  3,28  6.65  3.78  10.07  3.30 

0.14  4.29  3.50  3.29  6.58  3.77  10.06  3.30 

0-13  4-27  3-45  329  6.63  3.76  9.94  3.30 


1907 

1908 

1909 

1910 

1911 

1912 

1907-12 

Alean 

Curve        0.16    4.24s  3.34    3.300  6.68    3.745    969    3297 


From  Table  III  it  is  evident  that  the  variation 
in  the  magnitude  at  any  principal  phase  in  dif- 
ferent years  is  very  small ;  not  exceeding  0.06 
magnitudes  except  at  the  secondary  minimum. 
There  is  also  good  agreement  with  the  results  in 
the  last  line  obtained  from  the  final  mean  curve. 
In  the  case  of  the  secondary  minimum,  variations 
of  magnitude  from  one  year  to  another  amount 
to  0.16  magn.  It  should  be  stated  that  the  ac- 
curacy of  my  observations  is  least  at  this  phase 
but  it  is  also  interesting  to  recall  that  other  ob- 
servers, notably  Schmidt,  have  noted  large  varia- 
tions in  the  magnitude  of  /?  Lyrae  at  the  second- 
ary minimum.  In  my  final  mean  magnitude  ob- 
servations near  this  phase,  these  variations  are 
reflected  in  relatively  large  irregularities,  to 
which  certain  minor  oscillations  in  my  Hght  curve 
are  attributable. 

It  is  interesting  to  note  that  the  magnitude  dif- 
ferences between  fi  Lyrae  and  7  Lyrae  at  the 
principal  phases  as  determined  by  the  writer 
agree  well  with  the  corresponding  results  for 
yellowish  green  light  interpolated  from  Nord- 
man's  observations  in  blue,  yellow  and  red  light. 
But  in  general  the  results  of  different  observers 
in  absolute  magnitude  are  found  to  differ  great- 
ly, largely  no  doubt  because  of  the  differences 
among  the  magnitudes  assumed  for  the  compari- 
son stars. 

It  will  be  noted  that  the  relative  times  of  the 
principal  phases  are  uncertain.  This  follows  from 
the  nature  of  the  case.  That  there  are  no  real 
changes  established  here  is  evident  from  the  dif- 
ference between  the  phase  times  determined  from 
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the  mean  of  the  yearly  vaUies  and  the  same  phase 
times  taken  from  the  mean  curve. 

At  the  same  time  a  correction  to  the  time  of 
principal  minimum  as  predicted  on  the  basis  of 
Pannekoek's  revised  formula  seems  to  be  well 
established.  For  the  epoch  1910.0  this  correction 
is  -j-  0.15  days. 

COMP.\RISO.\  OF  RESULTS  OF  DiFFliRUNT  OBSERVERS. 

Probable  Errors. 

Though  the  general  accuracy  of  the  present  re- 
sults may  be  estimated  well  from  the  curve  of 
Plate  XVI,  a  statement  of  the  probable  errors 
may  have  some  bearing  on  the  reality  of  the  min- 
or irregularities  and  will  serve  to  furnish  an  indi- 
cation of  the  accuracy  of  the  observing  method 
used  here  as  compared  with  that  of  Argelander 
as  usually  employed. 

The  probable  error  of  a  single  comparison  near 
maximum  light  in  the  present  series  of  observa- 
tions is  ±  0.37  steps  or  ±  0.045  -magn.  The 
same  quantity  near  secondary  minimum  bright- 
ness is  ±  0.80  steps  or  ±  0.098  magn. ;  and  near 
principal  minimum  it  is  db  0.52  steps  or  ±  0.063 
magn.  Thus  the  probable  error  of  a  mean  of 
ten  estimates  may  be  obtained  for  any  part  of 
the  curve.  A  mean  value  of  the  probable  error 
of  a  normal  place  for  the  whole  curve  obtained 
from  the  residuals  in  Table  II  is  ±0.13  steps 
or  ±  0.016  magnitudes.  In  all  cases  the  residuals 
refer  to  the  smooth  curve.  They  would  be  some- 
what reduced  if  an  irregular  curve  were  used. 
Argelander's  value  for  the  probable  error  of  his 
single  determinations  was  ±  0.063  magn,  and 
Schonfeld's  was  ±  0.054  magn.,  in  good  agree- 
ment with  the  mean  of  my  values. 

It  will  be  seen  that  the  probable  error  of  a 
single  observation  in  the  present  series  is  rela- 
tively great  when  the  brightness  of  the  variable 
is  near  that  of  the  secondarj^  minimum.  This  is 
perhaps  partly  due  to  actual  irregularities  in  the 
variation  of  /3  Lyrae  at  secondary  minimum  but 
is  probably  largely  due  to  the  difficulty  in  esti- 
mating large  differences  in  relative  brightness. 
The  method  of  comparison  used  in  this  set  of 
observations  was  adopted,  after  some  experimen- 
tation, with  the  hope  that-the  relative  nearness 


of  the  comparison  stars  would  compensate  for 
the  greater  differences  between  the  brightness  of 
thS  variable  and  that  of  one  or  both  of  the  com- 
parison stars.  The  results  indicate  that  this  is 
the  case  on  the  average  and  seem  to  show  that 
for  a  variable  with  a  range  not  exceeding  seven 
or  eight-tenths  of  a  magnitude  this  method  might 
give  more  accordant  results  than  one  employing 
several  scattered  standards,  when  two  suitable 
comparison  stars  near  the  variable  are  available. 

Principal  Phases  of  the  Light  Curve. 

In  a  study  of  the  intervals  between  the  princi- 
pal phases  in  the  light  curve  of  j3  Lyrae,  Panne- 
koek  has  discussed  all  of  the  more  important  sets 
of  observations  before  1896  in  order  to  test  the 
reality  of  variations  in  these  intervals  suspected 
by  Lindemann. 

In  Table  IV,  most  of  the  visual  results  which 
have  been  published  to  date  have  been  used  in  the 
determination  of  these  intervals  from  principal 
minimum  to  the  other  principal  phases.  In  this 
table  the  results  at  the  first  epoch  are  based  upon 
Goodricke's  observations  only;  but  those  for  the 
second  epoch  depend  upon  observations  of  Arge- 
lander, Schonfeld,  Oudemans  and  Schmidt ;  the 
third,  upon  the  work  of  Schmidt,  Sawyer,  Schur, 
Schwab,  Plassmann,  Pannekoek,  Glasenapp  and 
Alenze.  The  results  of  the  several  individuals  in 
later  vears  are  then  given.  And  finally  for  the 
interval,  1892-1912,  the  results  of  the  seven 
named  observers  are  combined  into  one  mean. 
Apparently  no  variations  in  these  intervals  are 
established. 

T.\BLE  IV.— INTERV.-\L  BETWEEN  PRINCIPAL 

MINIMUM  AND  THE  OTHER  PRINCIPAL 

PHASES. 

EPOCH.  OBSERVER         ISTM.AX.  2XD  MIX.  2XD  M.^X. 

1784  Goodricke   3. 58  days       6.38  days       g.58  days 

1842-1870  Mean  3.12  ±0.013  6.40  ±0.017  9-54  ±0.055 

1S70-1895  Mean  330  ±0.036  6.48  ±0.026  9.73  ±0.055 

1892-1902  Beliawsky  3.22  6.59  9.65 

1895-1897  Stratonow  3.07  6.40  9.44 

1896-1905  Markwick  3.62  6.37  Q.75 

1807-1900  Wendell  3.40  ■  fc.58  9.68 

189S-1906  Luizet  3-34  6.37  9.72 

1902-190S  Lau  340  6.46  9.75 

1907-1912  Curtiss  31S  6.50  9.53 

1892-1912  Mean  3-32  ±0.052  6.47  ±0.028  965  ±0.033 


PUCIJCATIONS  OF  TIIK  OBSERVATORY 


The  Ponn  of  the  Mean  Light  Curve. 

In  order  Uj  facilitate  the  stiul)'  of  the  form  of 
the  mean  liglit  curve,  together  with  its  possible 
changes,  the  writer  has  placed  in  parallel  w-ith 
his  own,  in  Plate  XVI,  the  results  obtained  from 
several  representative  series  of  observations  cor- 
responding: to  different  epochs. 

The  earliest  curve  is  that  of  Argelander.  This 
is  derived  from  1439  single  observations  made  in 
the  years  1844-1859.  Thus  the  separate  nieans 
depend  upon  thirty  observations  and  the  average 
range  of  phase  covered  by  the  observations  in  any 
mean  is  about  0.30  days. 

The  next  curve  in  order  of  lime  (third  from 
the  top  of  the  plate)  is  based  upon  about  1700 
observations  made  in  the  years  1877-1897  by 
Schur,  riassmann,  I'annekoek,  (31asenapp,  Menze 
and  Stratonow.  In  combining  the  results  of 
these  difTerent  observers  Stratonow  has  given 
his  own  634  observations  a  weight  of  four ; 
Menze's,  a  weight  of  one;  and  the  remaining  ob- 
servations, a  weight  of  two.  Thus  Stratonow's 
observations,  covering  a  period  of  only  three 
years,  have  a  great  influence  on  the  final  curve. 
The  sixty-one  mean  magnitudes  upon  which  this 
curve  depends,  are  each  derived  from  about  twen- 
ty-eight single  observations  with  a  range  of  phase 
of  about  0.20  days. 

Wendell's  221  photometric  observations  (1897- 
1900)  were  used  to  determine  the  lower  curve  of 
Plate  XVI.  Except  near  the  principal  minimum 
the  plotted  points  depend  upon  three  or  four  ob- 
servations only  but  near  the  chief  minimum  they 
represent  means  of  from  eight  to  ten  single  ob- 
servations. Except  for  one  case,  the  phase  cov- 
ered by  any  mean  does  not  exceed  0.15  days. 

The  more  recent  curve  (1898-1906)  of  Luizet 
is  the  second  on  Plate  XVI.  844  observations  are 
used  to  form  the  84  means  corresponding  to  the 
plotted  points.  Using  the  well  known  method 
of  overlapping  means,  twenty  observations  are 
combined  in  each  group.  Thus  each  of  the  orig- 
inal observations  is  used  twice  and  the  average 
range  of  phase  over  which  the  observations  of 
any  mean  extend  is  0.30  days. 

The  upper  curve  represents  the  writer's  obser- 
vations of  the  years  1907-1912.  The  sixty-one 
plotted  points  each  depend  upon  ten  observations 
on  the  average  and  the  average  phase  interval 
covered  by  each  is  about  0.18  days. 


In  adjusting  these  four  representative  curves 
to  parallelism  with  my  own,  the  attempt  has  been 
made  to  move  them  along  the  time  axis  in  such 
a  way  that  a  considerable  section  of  the  curve  at 
the  principal  minima,  and  not  the  absolute  min- 
ima alone,  should  be  brought  into  average  coin- 
cidence. Whenever  magnitudes  were  available 
the  results  were  platted  as  furnished  by  the  ob- 
server, without  alteration  of  scale,  the  vertical 
squares  on  the  diagram  representing  tenths  of  a 
magnitude.  Thus  the  range  of  the  first  (the 
writer's)  curve  is  0.96  magnitudes;  that  of  the 
third  (Stratonow's)  curve,  0.89  magnitudes;  and 
that  of  the  fifth  (Wendell's)  curve,  0.85  magni- 
tudes. -And  the  vertical  scale  of  the  second 
(Luizet's)  and  the  fourth  (Argelander's)  curves, 
for  which  the  results  were  published  in  steps,  has 
been  made  intermediate  with  respect  to  the  curves 
between  which  they  are  placed  on  Plate  XVI. 

The  Decrease   in  Brightness  of  Secondary 
Minimum. 

The  decrease  in  the  brightness  of  secondary 
minimum  referred  to  the  brightness  at  maxima 
has  been  noted  by  Luizet  who  finds  the  rate  of 
this  decrease  to  be  about  o.i  of  a  magnitude  in 
fifty  years.  The  curves  of  Plate  XVI  exhibit  this 
effect  and  indicate  that  a  progressive  sharpening 
of  the  curve  at  this  phase  is  also  a  possibility, 
The  data  bearing  on  this  effect  from  the  two  new 
curves  of  Plate  X\'I  have  been  added  to  those  al- 
ready discussed  by  Luizet,  to  form  Table  V.  The 
scale  of  each  curve  has  been  reduced  to  that  of 
the  third  (Stratonow's)  curve  of  the  diagram, 
the  total  range  being  0.89  magn. 

T.\BLE  v.— DIFFERENCE  IN  BRIGHTNESS  BE- 
TWEEN MAXIMA  AND  SECONDARY 
.MINIMUM. 


Max.— Sec.  Min. 

Year. 

Observer. 

Magn. 

1850 

Argelander 

— 0-37 

1863 

Sclionfeld 

0.37 

1881 

Schur 

044 

1890 

Plassmann 

0.39 

1894 

Pannekoek 

0.44 

1897 

Glasenapp 

0.50 

1897 

Stratonow 

0.45 

1898 

Wendell 

0.45 

1902 

Luizet 

0.50 

1910 

Curtiss 
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TIic  Shape  of  the  Maxima. 

We  may  also  consider  the  curves  of  Plate  XVI 
in  connection  with  Roberts'  remark  of  1906, 
"Thus,  recent  light  curves  are  flatter  at  maxima 
than  those  found  by  Goodricke  and  Argelander." 
As  the  curve  of  Goodricke  was  not  very  well  de- 
termined it  is  perhaps  unwise  in  studying  small 
changes  to  give  much  weight  to  any  light  curves 
which  antedated  the  very  similar  ones  of  Heis 
and  Argelander  the  latter  of  which  has  never 
been  surpassed  in  accuracy.  In  connection  with 
Argelander's  curve  the  several  other  curves  of 
Plate  XVI  would  seem  to  throw  light  upon  the 
point  in  question. 

It  is  evident  that  the  maxima  of  Stratonow's 
curve  of  1877  to  1897,  based  upon  the  results  of 
six  observers  are  sharper  than  those  of  Arge- 
lander, and  Luizet's  curve  of  1902  is  still  sharper. 
The  first  maximum  of  Wendell's  curve  of  1898 
resembles  Argelander's  very  closely  but  the  sec- 
ond maximum  of  Wendell  is  sharper  than  Arge- 
lander's. My  own  curve  of  1910  is  perhaps 
flatter  than  Argelander's  at  the  maxima.  I  am 
inclined  to  ascribe  these  differences  to  the  tend- 
ency, discussed  above,  to  which  all  observers  are 
probably  subject,  of  underestimating  the  differ- 
ence in  brightness  of  two  stars  of  nearly  the 
same  magnitude.  On  comparisons  of  fi  with  y 
Lyrae  near  the  maxima  of  the  variable  this  source 
of  error  has  undoubtedly  exercised  some  in- 
fluence, varying  in  e.xtent  with  different  observers. 
The  curves  of  Plate  XVI  indicate  that  this  may 
be  the  case  and  seem  to  permit  of  no  definite  con- 
clusions as  to  real  variations  in  flatness  of  the 
maxima. 

Minor  Irregularities. 

In  drawing  the  smooth  light  curve  of  p  Lyrae 
it  seems  difficult  to  avoid  introducing  a  slight  sub- 
ordinate maximum  between  five  and  six  days 
after  the  principal  minimum.  This  was  noted 
by  Lindemann  and  seems  to  be  a  well  established 
feature  of  this  curve,  though  the  deviation  from 
a  smooth  cur\-e  does  not  exceed  two  or  three  hun- 
dredths of  a  magnitude. 

In  addition  to  this  small  irregularity  in  the 
light  curve  of  this  star,  Lindemann  and  Panne- 
koek  have  suspected  the  physical  reality  of  oth- 
er excursions  of  the  observed  brightness  of  this 


variable  above  and  below  a  smooth  cun'e.  Strat- 
onow  considers  ten  of  these  irregularities  cer- 
tain and  Luizet  finds  nine  minor  oscillations  of 
the  light  cur\-e  to  be  well  established,  three  others 
fairly  certain  and  a  thirteenth  suspected.  Three 
of  these  he  finds  persisting  in  the  observations 
from  1784  to  1906.  Six  others  were  observed 
over  nearly  a  hundred  years. 

The  character  of  the  oscillations  in  question  is 
well  shown  in  each  of  the  curves  in  Plate  X\T. 
Since  the  period  of  these  minor  oscillations  is 
roughly  of  the  order  of  one  day  it  will  be  noted 
that  in  one  respect  the  curves  of  Stratonow,  Wen- 
dell, and  the  writer  should  serve  to  bring  out 
these  irregularities  best,  for  the  range  of  phase 
covered  by  the  observations  in  each  mean  is 
smaller  than  in  the  cases  of  the  other  curves. 
P)Ut  all  the  curves  of  Plate  II  are  of  importance 
in  this  connection. 

It  is  therefore  interesting  to  note  that  in  Arge- 
lander's curve,  which  is  probably  the  strongest 
known,  the  extent  of  these  excursions  is  the 
least.  It  is  also  noteworthy  that  the  combination 
of  Stratonow's  own  observations  with  those  of 
other  observers  reduced  the  average  amplitude 
of  the  minor  oscillations  in  his  curve  and  prob- 
ably would  have  done  so  to  a  greater  extent  if 
the  observations  of  the  others  had  been  given 
the  same  weight  as  his  own.  It  would  seem  to  be 
the  case  that,  if  the  curves  of  Plate  XVI  were 
combined  into  one  mean  curve,  few  if  any  of  the 
minor  oscillations  would  survive.  In  general 
there  seems  to  be  no  established  synchronism  in 
the  occurrence  of  these  oscillations  in  different 
curves. 

On  the  other  hand  there  seem  to  be  some  re- 
semblances between  the  minor  oscillations  of  dif- 
ferent curves,  which  are  hard  to  explain  as  acci- 
dental. Thus,  beginning  at  the  minor  maximum 
of  phase,  10  hours,  which  is  found  well  defined 
in  the  curves  of  Luizet  and  the  writer,  and  fol- 
lowing these  two  curves  back  to  the  first  max- 
imum it  will  be  seen  that  very  similar  irregulari- 
ties occur  in  both  curves,  not  in  synchronism,  but 
ill  an  interesting  symmetrical  relation  zvitli  re- 
spect to  tJie  secondary  viinimitm.  Other  resem- 
blances between  dift'erent  curves  raise  interesting 
questions.    Probably  some  resemblances  are  acci- 
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denta!.  I'ossiljly  some  are  real.  But  it  would 
seem  that  the  whole  question  must  await  the  evi- 
dence of  photometric  observations  or  perhaps  of 
visual  comparisons  secured  through  the  coopera- 
tion of  a  number  of  observers. 

THK   REALITV  01'   CHANGES   IX  THE  UGHT   CURVE. 

The  opinion  of  some  observers  seems  to  be 
that  while  the  minor  irregularities  persist  for 
long  periods  of  years,  there  are  well  marked 
changes  in  the  form  of  the  general  light  curve 
from  one  epoch  to  another.  These  changes,  both 
in  the  maxima  and  minima,  have  been  discussed 
above  and  may  be  seen  at  a  glance  in  Plate  XVI. 
They  are  usually  small  in  extent.  In  most  cases 
they  could  not  be  established  through  the  visual 
observations  of  one  observer  in  two  years.  They 
seem  reliable  only  when  based  upon  long  means, 
[n  view  of  the  personal,  systematic  errors  which 
enter  into  these  means  it  would  seem  that  the 
reality  of  many  of  the  observed  changes  in  the 
light  curve  of  /?  Lyrae  may  not  be  regarded  as  es- 
tablished. And  suspected  changes  in  the  elements 
of  the  system  derived  from  the  light  curve  are 
to  be  announced  with  caution.  It  seems  not  im- 
probable, as  Keeler  found  in  the  case  of  spec- 
troscopic observations  of  this  star,  that  more  re- 
fined methods  will  show  that  the  light  variation 
of  p  Lyrae  in  the  thirteen-day  period  is  repeated 
with  less  irregularity  than  present  results  might 
lead  us  to  think. 


In  the  present  paper  the  errors  affecting  visual 
light  comparisons  of  stars  are  first  discussed. 
And  a  method,  employing  but  two  comparison 
stars,  is  adopted  in  the  hope  that  some  of  these 
errors  may  be  varied  if  not  controlled. 

Si.x  hundred  and  twelve  observations  made  by 
this  method  are  given  in  detail  and  are  reduced, 
for  the  determination  of  the  light  curve,  in  a  man- 


ner calculated  to  bring  out  and  partly  eliminate 
the  effect  upon  the  apparent  relative  brightness 
of  two  stars  due  to  their  relative  position  in  the 
sky. 

The  light  curve  of  /?  Lyrae  for  each  year  from 
1907- 191 2  is  determined  and  also  a  mean  curve 
for  this  whole  period  is  drawn.  A  correction,  at 
the  epoch,  1 910.0,  of  +  0.15  days  is  found  for 
the  time  of  principal  minimum  as  predicted  on 
the  basis  of  Pannekoek's  revised  formula. 

Among  the  writer's  own  curves  in  different 
years  and  among  the  writers  curve  and  those  of 
other  observers  there  are  seen  to  be  few  if  any 
established  physically  real  differences.  The  rel- 
ative intervals  between  the  principal  phases  can 
not  be  said  to  change.  The  range  of  brightness 
from  the  maxima  to  the  principal  minimum  is 
difficult  to  establish ;  but  if  this  be  considered 
constant  for  different  obser\'ers  the  relative 
brightness  at  secondary  minimum  appears  to  be 
decreasing.  A  change  in  the  form  of  the  maxima 
involving  increase  in  flatness  in  recent  curves 
does  not  seem  to  be  supported  by  the  evidence 
collected  here. 

There  seems  to  be  some  evidence  of  the  real- 
ity of  one  persistent  minor  irregularity  in  the 
curve  of  y8  Lyrae.  The  reality  of  a  number  of 
others  which  have  been  suspected,  is  made  to 
appear  uncertain.  The  physical  reality  of  many 
of  the  observed  changes  in  the  light  cun-e  of 
/?  Lyrae  is  questioned. 

.\s  the  method  of  observation  employed  here 
by  the  writer  seems  to  yield  results  comparable 
in  accuracy  with  those  obtained  by  other  applica- 
tions of  Argelander's  method,  the  work  is  being 
extended  to  other  stars  in  the  hope  that  informa- 
tion may  be  gained  with  reference  to  personal, 
systematic  errors,  which  may  help  in  the  deter- 
mination of  the  visual  light  curves  of  these  in- 
teresting objects. 
1913- 


SOME  POSSIBLE  CHARACTERISTICS  OF  CEPHEID  VARIABLE 

STARS 

By  RALPH  H.  CURTISS 


'JMiough  the  list  of  announced  characteristics 
of  Cepheid  variables  is  a  long  one,  no  satisfactory 
solution  of  the  problem  of  the  light  variations  of 
these  stars  seems  to  be  in  sight.  Further  infor- 
mation is  needed  in  connection  with  the  extension 
of  old  discussions,  and  new  relations  bearing  upon 
the  problem  of  Cepheid  light  variation  are  of 
great  interest. 

DISTRIBUTIOX  BY  PERIODS. 

Attention  has  been  called  by  Campbell  and 
others  to  the  relative  preponderance  of  Cepheid 
stars  with  periods  between  certain  limits.  Camp- 
bell's deductions  from  fifty-three  cases  are  well 
borne  out  by  the  ninety-three  stars  of  this  class 
included  in  the  latest  list  of  Luizet.  In  this  list^ 
it  is  possible  that  certain  ellipsoidal  variables  have 
been  included,  but  for  the  present  it  seems  diffi- 
cult or  impossible  to  exclude  them  and  their  in- 
fluence on  the  result  will  be  small  if  not  negligi- 
ble. Probably  some  antalgol  stars  are  also  found 
here,  especially  among  those  with  periods  less 
than  one  day.  The  intentional  inclusion  of  antal- 
gol stars  may  prove  desirable  when  more  is 
known  about  them.  SY  Geminorum  is  to  be  ex- 
cluded as  an  Algol  star. 

In  this  list  compiled  by  Luizet  there  are  thir- 
teen stars  with  periods  less  than  half  a  day. 
Eight  have  periods  between  0.5  days  and  one 
day ;  two,  between  one  day  and  two  days ;  two, 
between  two  and  three  days ;  five,  between  three 
and  four  days ;  eight,  between  four  and  five  days ; 
seven,  between  five  and  six  days ;  nine,  between 
six  and  seven  days ;  and  eight,  between  seven  and 
eight  days.     At  this  point  the  number  of  stars 


*  Note  added  Feb.  10,  1915.  In  order  to  avoid  further 
delay  in  the  publication  of  this  paper,  ■which  has  been  in 
press  for  a  long  time,  no  discussion  or  revision  is  at- 
tempted on  the  basis  of  contributions  which  have  come 
to  hand  since  August  i,  1913,  when  the  paper  was  com- 
pleted. 
'  Luizet.    Annalt^s  de  L'Universite  de  Lyon.    NouvcUe 

serie.  1,  33  pp.  3-5. 


decreases  sharply  with  increasing  period.  Only 
two  are  known  with  periods  between  nine  and 
ten  days.  Above  this  limit  this  relative  scarcity 
of  known  cases  becomes  more  marked  up  to  peri- 
ods of  twenty  days  from  which  point  the  Ceph- 
eids  known  are  thinly  distributed  up  to  the  pres- 
ent limit  of  41.3  days.  Considerably  more  than 
one-third  of  all  known  Cepheid  variables  have 
light  periods  between  three  and  eight  days.  Near- 
ly one-quarter  of  all  Cepheid  variables  have  peri- 
ods less  than  a  day. 

These  relations  are  shown  graphically  in  the 
curve  of  Plate  XVII,  in  which  the  relative  num- 
ber of  stars  with  periods  within  a  limit  of  one  day 
are  plotted  with  appropriate  mean  values  of  the 
period  as  abscissae.  The  determination  of  the 
points  so  plotted  calls  for  certain  rather  arbitrary 
decisions  such  as  are  ordinarily  met  with  in  form- 
ing normal  places  but  the  form  of  the  curve  is 
well  substantiated. 

The  curve  of  Plate  X\TI  would  seem  to  indi- 
cate that  these  stars  may  be  divided  into  two 
groups ;  one  with  a  preference  for  periods  of 
four  to  eight  days  but  possibly  including  varia- 
bles with  periods  up  to  100  days ;  the  other,  with 
periods  less  than  two  days.  However  the  appar- 
ent division  between  these  groups  may  not  be  a 
real  one,  for  scarcity  of  known  Cepheid  variables 
with  periods  of  one  to  three  days  may  be  due  to 
difficulties  attending  the  discovery  of  these  stars 
because  of  their  smaller  magnitude  range  as 
shown  on  Plate  X\''III. 

PERIOD  .\XD  MAGMTUDE  RAXGE. 

For  the  study  of  the  relation  between  varia- 
tion period  and  magnitude  range  in  Cepheid  va- 
riables the  available  material  seems  fairly  .ade- 
quate. And  for  the  purpose  I  have  adopted  Lui- 
zet's  list  of  ninety-three  stars  cited  above.  The 
data  derived  from  Luizet's  list  are  found  in  Ta- 
ble I.  In  this  study  the  stars  in  this  list  were 
first  arranged  in  order  of    periods.      And    for 
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groups  of  stars  with  periods  ranging  between 
selected  limits,  direct  means  of  the  ])eriods  and 
corresponding  magnitiule  ranges  were  taken. 
These  average  periods  are  found  in  the  first  col- 
umn of  Table  1,  and  in  the  second  column  ap- 
pear the  corresponding  limits  within  which  lie 
the  periods  entering  into  each  mean.  The  mean 
magnitude  range  and  its  probable  error  are  found 
in  the  third  and  fourth  columns  of  this  table. 
The  data  of  the  first  and  third  columns  of  Table 
I  are  plotted  in  Plate  X\'III  with  periods  as 
abscissae. 


dicated.  Possibly  the  small  indicated  increase  in 
magnitude  range  with  increasing  periods  up  to 
0.5  days  is  not  real.  ]>ut  the  rapifl  decrease  of 
magnitude  range  with  increasing  periods  from 
0.5  days  to  2.0  days  seems  well  established  and 
the  rapid  increase  of  magnitude  range  for  peri- 
ods increasing  from  3.0  to  6.0  days  is  hardly  to 
be  questioned.  From  this  point  on,  the  average 
magnitude  range  increases  by  approximately  o.i 
magnitudes  for  each  ten  days'  increase  of  the 
period  of  light  variation  but  with  a  tendency  to- 
ward a  decrease,  for  q^reater  periods,  in  the  ratio 


Plate  XVII.    Graphical  Represextatiox  of  the  Relation  Between 
Frequency  of  Occurrence  and  Period  in  Cepheid  Variables. 


TABLE  I. 

PERIOD 

AXD  MAGX 

TUDE  R 

\XGE 

IX 

CEPHEID  VARIABLES. 

MEAN- 

LIMITS  OF 

M.Vr.XITUPE 

PROB.^BLE 

NO.  OF 

PERIOD 

PERIOD 

R.\XGe 

ERROR 

ST.\RS 

days 

days 

days 

magn. 

magn. 

0.31 

0.00  — 

0.44 

0.86 

±0.09 

7 

0.47 

0.45  — 

0.50 

0.97 

0.12 

6 

0.72 

050  — 

1.00 

0.82 

0.05 

8 

2.0S 

I.OO  — 

3.00 

0.65 

O.IO 

4 

370 

3.00  — 

4.00 

0.70 

o.oS 

5 

4-51 

+00  — 

5.00 

0.96 

o.o5 

9 

5-55 

500  — 

6.00 

1.07 

0.15 

7 

6.44 

6.00  — 

-.03 

1.06 

0.C9 

9 

7.63 

7.00  — 

8.00 

1.06 

O.II 

8 

8.94 

8.00  — 

10.00 

1.08 

0.15 

6 

12.98 

10.00  — 

15.00 

1. 14 

0.07 

10 

16.57 

1500  — 

2O.O0 

1.18 

0.09 

6 

29. 

20.00  — 

41-31 

1.26 

0.07 

8 

In  view  of  the  determinate  character  of  the 
plotted  points  there  seems  to  be  little  ques- 
tion as  to  the  physical  reality  of  the  variation  in- 


of  change  in  magnitude  range  to  increase  in  pe- 
riod. 

It  should  be  noted  also  that  the  use  of  the 
photometric  data  by  Pickering  in  Volume  46  of 
the  Harvard  Annals  would  introduce  a  second 
minimum  in  the  curve  corresponding  to  periods 
between  seven  and  eight  days.  This  is  attribut- 
able to  a  tendency  toward  relatively  smaller  range 
for  the  average  case  as  derived  from  Pickering's 
results.  Though  the  accuracy  of  Pickering's  val- 
ues probably  exceeds  that  of  the  data  relative  to 
magnitude  range  in  Luizet's  list,  it  has  seemed 
best  for  the  sake  of  homogeneity  to  exclude  the 
Harvard  results. 

It  would  seem  that  the  curve  of  Plate  XVIII 
must  depend  upon  several  factors.  For  stars 
with  periods  in  the  neighborhood  of  six  days  the 
magnitude  range  is  about  1.05.  For  longer  peri- 
ods the  increase  in  the  corresponding  magnitude 
range   may   be    due   in    part    to   the    diminished 
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chance  of  discovery  of  a  variable  star  of  smaller 
range  as  tlie  period  increases.  As  the  period  de- 
creases to  two  days  the  magnitude  range  de- 
creases sharply,  possibly  because  of  a  greater  rel- 
ative brightness  of  the  secondary  or  fainter  com- 
ponent of  the  system,  the  variations  of  which 
may  be  opposite  in  phase  to  those  of  the  pri- 
mary. Finally  as  the  period  decreases  from  two 
days,  the  magnitude  range  increases  rapidly  pos- 
sibly because  of  efiects  associated  with  close  ap- 
proach and  rapid  rotation,  such  as  varying  pre- 
sentation of  ellipsoidal  bodies. 


case  of  stars  which  have  been  observed  spectro- 
scopically  this  prediction  is  not  verified,  for  the 
magnitude  range  of  these  stars  differs  greatly 
from  the  average  values  for  all  Cepheid  stars, 
particularly  if  Pickering's  photometric  results  are 
employed.  This  departure  from  the  average  curve 
may  be  connected  with  the  greater  relative  bright- 
ness of  these  stars  though  there  seems  to  be  no 
clear  evidence  to  support  this  view.  IMore  prob- 
ably these  apparent  discrepancies  are  of  a  pure- 
ly accidental  type.  For  the  average  Cepheid  vari- 
able, if  K  is  directly  proportional  to  the  mag- 
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But  throughout  the  whole  range  of  periods 
covered  by  this  curve,  the  effect  of  the  discover)- 
factor  must  not  be  overlooked,  ^'ery  probably 
future  discoveries  of  variables  of  this  class,  em- 
ploying improved  methods  of  search,  will  modify 
or  perhaps  transform  conclusions  drawn  from 
the  data  now  available;  and  this  is  especially  true 
of  deductions  based  upon  magnitude  range. 

period  and  velocity  range. 

In  considering  the  element  K,  the  velocity 
half-range,  in  relation  to  the  period,  attention 
should  be  directed  at  once  to  the  possibility  of 
predicting  the  average  value  of  this  element  on 
the  basis  of  the  curve  of  Plate  XVIII  in  com- 
bination with  Ludendorff's  relation,^  K  =  23.7  A, 
where  A  denotes  the  magnitude  range.   But  in  the 
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nitude  range  on  the  average,  as  the  facts  for  the 
brighter  stars  of  this  class  seem  to  indicate,  the 
variation  of  K  with  the  period  will  follow  that  of 
the  curve  of  Plate  XMII.  As  the  period  in- 
creases from  two  days  the  value  of  K  increases 
rapidly  at  first  and  then  more  gradually,  while 
the  scale  of  the  corresponding  projected  orbits 
depending  on  the  product  of  K  and  P  becomes 
relatively  great.  For  periods  less  then  two 
days  K  increases  rapidly  with  decreasing  peri- 
ods down  to  about  0.5  days  but  there  is  no  indi- 
cation of  further  increase  for  periods  less  than 
this.  Thus  it  would  seem  that  for  several  stars 
with  periods  of  a  few  hours  the  values  of  the 
semi-axes  major  are  surprisingly  small  unless  the 
inclination  of  the  orbital  planes  be  very  small ; 
and  thus  there  is  reason  to  think  that  the  relation 
between  velocity  and  light  amplitude  in  Cepheid 
variables  is  not  so  simple  as  that  expressed  by  the 
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simple  linear  equation  deduced  by  Ludcndorff 
from  stars  with  periods  all  greater  than  3.7  days. 
It  is  possible,  as  suggested  also  by  the  distribution 
of  these  stars  by  periods,  that  those  stars  in 
Luizet's  list  with  periods  less  than  one  day,  fomi 
a  group  for  which  the  causes  of  light  variation 
differ  from  those  which  are  present  in  the  case  of 
stars  with  periods  greater  than  three  days. 

Whatever  connection  may  be  indicated  between 
magnitude  and  velocity  range  in  Cepheid  variables 
it  seems  desirable  to  examine  the  available  data 
for  a  direct  relation  between  the  velocity  range 
and  the  period  for  these  stars.  If  we  plot  values 
of  K  with  periods  as  abscissae,  a  straight  line 
with  downward  slope  would  seem  to  represent 
the  plotted  points  as  well  as  any  curve.  Thus 
the  expression, 

in  whicli  K  and  P  are  measured  in  kilometers  and 
days  respectively,  is  satisfied  fairly  well  by  the 
known  values  of  these  quantities.  However,  such 
an  expression  leads  to  impossible  results  for 
large  values  of  P.  Apparently  the  relation  be- 
tween P  and  K  for  these  stars  is  better  repre- 
sented by  the  equation, 

P  =  2000/K- 

and  the  results  in  Table  II  are  based  on  this  ex- 
pression. In  this  table,  the  ditTerence  between 
the  observed  velocity  range,  Ko,  and  that  com- 
puted by  the  above  formula,  Kc,  is  exhibited  for 
each  star. 


a'sin'i '=(6.15  X  10')  (l—e')P. 

X'alucs  of  the  projected  semi-axis  major  com- 
puted from  this  formula  are  compared  with  the 
corresponding  observed  quantities  in  Table  II 
for  each  star  considered. 

There  seems  to  be  some  evidence  in  favor  of 
the  physical  reality  of  these  relations.  But  the 
data  are  few  and  so  far  as  available  results  go, 
Polaris,  X  Cygni  and  1  Carinae  do  not  conform 
to  the  expression  above.  Possibly  these  relations 
are  well  enough  defined  to  justify  consideration 
when  further  data  become  available.  They  are 
advanced  here  only  tentatively  to  present  what- 
ever evidence  they  may  furnish. 

MAXIMUM  LIGHT  .\XD  M.OCI.MUM  VELOCITY  OF  AP- 

PRO.XCH   IN   CONNECTION   WITH  VELOCITY 

OF  SYSTEM. 

It  is  well  known  that  there  is  a  synchronism, 
more  or  less  close,  between  maximum  light  and 
maximum  velocity  of  approach  in  all  Cepheid 
systems  so  far  investigated.  And  convincing 
theories  have  been  advanced  which  account  for 
this  condition  on  the  hypothesis  that  there  exists 
in  each  of  these  systems,  a  resisting  medium 
which  enhances  the  relative  brightness  of  that 
side,  of  the  star  which  faces  the  direction  of  or- 
bital motion.  In  this  connection  the  suggestion 
arises  that  in  the  case  of  some  systems  (more 
probably  in  the  case  of  a  rapidly  receding  system) 
the  primary  is  at  no  time  moving  toward  the  sun 
relatively  to  a  resisting  medium  through  which 


TABLE  II. 

(a  sin  1)0— 

STAR 

P 

Kc 

Ko 

Ko — Kc 

(0  sin  i)c 

(0  sin  i)o 

(0  sini)'-- 

days 

km. 

km. 

km. 

km. 

km. 

km. 

RT  Aurigae 

3-73 

23 

17 

—6 

1,110,000 

860,000 

— 250,000 

SU  Cygni 

3.84 

23 

25 

+2 

1,180,000 

1.350,000 

-f  170,000 

T     Vulpeculae 

444 

21 

18 

—3 

1,170,000 

970,000 

—200,000 

S        Cephei 

5-37 

19 

30 

+1 

1,330,000 

1,370,000 

-1-  40,000 

Y      Sagittarii 

5-77 

19 

19 

±0 

1,460,000 

1.485,000 

+  25,000 

X      Sagittarii 

7.01 

17 

15 

—2 

1,490,000 

1,330,000 

— 160,000 

U      Aquilae 

7.02 

17 

13  i 

-         —4 

V       .'Vquilae 

7.18 

17 

20 

+3 

1,440,000 

1,770,000 

-1-330.000 

W     Sagittarii 

7.60 

16 

19 

-f3 

1,580,000 

1,930,000 

-f350,ooo 

S       Sagittae 

8.38 

15 

19 

4-4 

1,670,000 

2,000,000 

-1-330,000 

f       Geminorum 

10.15 

14 

13 

—I 

1,910,000 

1,800,000 

— IIO,OCO 

Y      Ophiuclii 

1-.12 

II 

8 

—3 

2,530,000 

2,000,000 

— 530,000 

If  this  relation  be  assumed  between  P  and  K, 
the  expression  connecting  P  and  a  sin  i  takes 
the  form. 


the  system  may  be  proceeding.  In  this  event  the 
periodic  light  variations  of  such  a  system  may 
be  dependent  upon  causes  which  are  most  effec- 
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the  on  the  side  of  the  primary  which  is  directed 
away  from  the  earth.  Possibly  under  these  cir- 
cumstances the  correspondence  between  the  ve- 
locity and  light  phases  will  not  be  so  well  marked 
on  the  average  as  in  the  case  of  a  system  ap- 
proaching the  observer. 

To  test  this  possibility,  the  data  are  again  mea- 
o-er.  In  Table  III,  the  Cepheid  stars  for  which 
this  datum  is  known  are  assembled  in  the  order 
of  increasing  values  of  the  velocity  of  recession 
of  the  system  relative  to  CampbeH's  system  oi 
brighter  stars.  In  the  third  column  of  the  table, 
in  parallel  with  these  velocities,  is  given  the  cor- 
responding quantity,  time  of  maximum  light, 
J/',,  minus  time  of  maximum  velocity  of  ap- 
proach, il/a,  in  terms  of  the  corresponding  light 
and  velocity  period.  While  the  evidence  is  weak 
there  is  some  indication  of  a  tendency  toward  an 
increase  in  the  absolute  value  of  .!/•  —  -Va  wUh 
increasing  velocity  of  recession.  The  average 
values  at  the  foot  of  the  table  indicate  that  this 
tendency  is  not  associated  with  the  elements,  P, 
c.  and  the  magnitude  range. 

TABLE  III. 

COMP.^RISON  OF  VELOCITY  OF  SYSTEMS  WITH  CORRESPONDIXG 

DIFFERENCES   BETWEEN-   EIGHT  .-VNO  VSLOCITY 

EPOCHS   IN   CEPHEID  VARI.\BI.ES. 


:Er.ociTV  OF 

MAGN.      P          E 

ST.\RS 

SYSTEM 

RANGE   D.\YS 

W     Sagittarii 

— igkm. 

— O.OlP 

SU  Cygni 

— 16 

+0.05 

.f       Geminorum 

—  7 

—0.02 

X      Sagittarii 

—  A 

— 0.04 

S       Cephei 

var. 

+0.04 

T>       Aquilae 

±    0 

0.0 

S       Sagittae 

+  4 

— 0.02 

Y     Ophiuchi 

+  10 

— O.IO 

RT  .\urigae 

+  12 

+0.05 

T     Vulpeculae 

-fi4 

+0.07 

Y      Sagittarii 

+  i6 

+0.14 

Approaching  Stars 

— II 

0.030P 

0.75     71   0-29 

Receding  Stars 

+  iikm. 

0.076  p 

0.65      7.9    0.28 

POSITION   OP  PERI.\STRON. 

In  several  papers  in  which  the  orbital  elements 
of  the  Cepheid  variable  stars  have  been  assem- 
bled, the  fact  has  been  evident  that  the  values  oi 
the  angular  distance  of  periastron  passage  from 
receding  node  exhibit  a  preference  for  the  first 


and  second  quadrants.  From  our  knowledge  of 
these  stars,  such  a  tendency  is  to  be  expected. 
For,  if  the  well  known  tendency  toward  coinci- 
dence of  the  epochs  of  maximum  light  and  max- 
imum velocity  of  approach  and  also  of  the  epochs 
of  minimum  light  and  minimum  velocity  of  ap- 
proach, in  the  Cepheid  stars,  studied  spectroscop- 
ically,  is  to  exist  in  combination  with  the  well 
known  tendency  toward  rapid  increase  and  slow 
decrease  of  brightness  in  these  stars,  it  is  obvious 
that  there  must  also  obtain  in  these  variables  a 
tendency  toward  values  of  <o  between  o^  and 
180^,  or  in  other  words,  a  tendency  for  the  oc- 
currence of  periastron  passage  in  the  descending 
branch  of  the  velocity  cur\-e.  This  tendency  is 
brought  out  in  Table  IV  in  which  the  Cepheid 
stars  are  arranged  in  order  of  increasing  values 
of  the  element  w.  (SU  Cygni  is  not  included  in 
Table  IV  because  of  an  apparent  error  in  the 
published  value  of  w  for  this  star.) 

TABLE  IV.    VALUES  OF  ANGULAR  DISTANCE 

OF  PERIASTRON  FROM  RECEDING  NODE 

IN  CEPHEID  VARIABLES. 

i  Geminorum    — 27' 

Y  Sagittarii   +  32 

n  Aquilae   69 

S  Sagittae   70 

W  Sagittarii  70 

S  Cephei    83 

RT  Aurigae    95 

X  Sagittarii     94 

T  Vulpeculae    iii 

^j'  Ophiuchi    +202 

Is^ot  only  do  these  values  tend  to  group  them- 
selves in  the  first  two  quadrants  but  eight  out  of 
ien  fall  within  limits  of  40°  of  the  value  of  71^. 

£,  Geminorum  is  a  notable  exception  both  to  the 
tendency  shown  in  Table  IV  and  to  the  marked 
tendency  toward  asymmetry  in  the  light  curve. 
Y  Ophiuchi  presents  an  interesting  e.xception  in 
that  its  light  curve  is  asymmetrical  in  conformity 
with  the  general  tendency  whereas  its  periastron 
passage  occurs  on  the  ascending  branch  of  the 
velocity  curve.  Under  these  circumstances  dis- 
crepancies are  to  be  expected  between  the  epochs 
of  the  light  and  velocity  curves  of  this  star.  On 
the  basis  of  the  velocity  curve  computed  by  Miss 
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L'dick'  and  the  li};ht  curve  of  Pickering  there  is 
a  close  correspondence  between  the  epochs  of 
minimum  Hght  and  maximum  velocity  of  reces- 
sion but  a  discrepancy  of  1.7  days  or  one  tenth  of 
the  period  is  found  between  the  instants  of  maxi- 
mum light  and  minimum  velocity. 

IRRKGUI.ARITIIiS    IX    TIUC   VKI.OCITY    CURVICS. 

The  study  of  the  velocity  curves  of  a  large 
number  of  spectroscopic  binary  stars  has  vielded 
results  which  support  the  conclusion  that  real  de- 
partures from  a  form  corresponding  to  elliptic 
motion  in  these  curves,  not  due  to  blending  of 
lines,  seldom  attain  to  an  appreciable  magnitude, 
even  in  the  case  of  very  close  pairs.  However 
in  the  case  of  the  Cepheid  variables  which  have 
been  studied  with  the  spectrograph  there  are 
three  conditions  which  are  thought  to  obtain  in 
the  average  case  and  which  in  some  cases  would 
seem  to  be  competent  to  produce  recognizable 
distortions  in  the  velocity  curves  of  these  stars. 
Thus,  there  is  evidence  to  show  that  the  princi- 
pal component,  whose  spectrum  is  observed,  is 
of  many  times  the  volume  of  our  sun.  Possibly 
one  hemisphere  of  this  primary  is  about  twice 
as  bright  on  the  average  as  the  other.  Probably 
this  star  rotates  in  a  period  not  far  different  from 
7.5  days,  the  orbital  period  of  the  average  pair. 
If  these  three  conditions  are  suitably  combined 
in  any  one  case  it  would  seem  probable  that  irreg- 
ularities in  the  velocitv  curve  of  such  a  star 
might  be  observed. 

The  evidence  pointing  toward  the  probability 
of  the  existence  of  these  three  conditions  in  Ceph- 
eid stars  has  been  discussed  more  or  less  by  sev- 
eral investigators.  On  the  basis  of  the  magni- 
tudes and  observed  proper  motions  of  six  Ceph- 
eid variables  LiidendorfT  has  pointed  out  the 
strong  probability  that  the  average  absolute 
brightness  of  these  stars  even  at  minimum  light 
is  considerably  greater  than  that  of  our  sun. 
Making  only  the  most  reasonable  assumptions  he 
shows  that  these  stars  on  the  average  are  prob- 
ably about  fifty  times  brighter  at  light  minimum 
than  is  the  sun.*  Since  the  spectrum  of  these  stars 


''  Publicalioiis  of  the  Allegheny   Observatory,  Vol.    II, 

p.  151- 
*  See  also  Russell's  paper,  Science,  Vol.  37,  p.  652. 


is  invariably  of  solar  type,  it  seems  probable  that 
the  surface  brightness  of  these  bodies  is  not  far 
different  from  that  of  our  sun.  It  therefore  may 
be  considered  as  probable  that  the  surface  of  the 
average  Cepheid  star  of  this  group  is  consider- 
aljly  more  extensive  than  the  sun's  surface. 

Suggested  conclusions  with  reference  to  an 
effective  difference  between  the  apparent  bright- 
nesses of  opposite  hemispheres  of  a  Cepheid  star 
are  based  upon  studies  of  the  light  and  velocity 
variations.  As  stated  above,  a  promising  theory, 
advanced  to  account  for  the  light  variation  of 
Cepheid  variables,  is  based  on  the  assumption  that 
the  hemisphere  of  the  primary  which  faces  the 
direction  of  orbital  motion  is  rendered  more  lum- 
inous relatively  to  the  following  half  of  the  star 
by  the  action  of  a  resisting  medium.  There  seems 
to  be  much  to  recommend  this  theory  as 
first  proposed  by  the  writer  in  connection  with 
studies  of  W  Sagittarii.  Whether  the  assumed 
resisting  medium  produces  a  relative  difference 
in  the  brightness  of  the  advancing  and  following 
faces  of  a  moving  star  by  meteoric  bombardment, 
as  suggested  by  I^oud,  or  by  displacement  of  the 
atmosphere,  as  suggested  by  Duncan,  or  whether 
both  effects  are  present,  it  would  seem  that  a 
variation  of  the  kind  obser\'ed  in  Cepheid  varia- 
bles might  result. 

If  it  be  the  brighter  half  of  the  primary  which 
is  exposed  to  the  observer's  view  at  the  time  of 
maximum  light  and  maximum  velocity  of  ap- 
proach, and  if  it  be  the  fainter  half  which  is  seen 
at  the  time  of  minimum  light  and  of  minimum 
velocity  of  approach,  a  basis  is  furnished  for  the 
estimation  of  the  relative  brightness  of  these  two 
unequally  luminous  regions  of  the  star's  surface, 
since  the  corresponding  range  in  apparent  bright- 
ness is  known.  Now  the  range  of  magnitude  for 
the  average  Cepheid  variable  in  Table  III  is  about 
0.7 ;  and  if  this  be  considered  a  measure  of  the 
difference  in  effective  brightness  of  the  brighter 
and  darker  hemispheres  of  each  star  on  the  aver- 
age, it  would  seem  that,  in  the  minimum,  the 
brighter  half  of  the  primary's  surface  must  emit 
about  twice  as  much  light  as  the  fainter  hemi- 
sphere. 

As  to  the  probable  value  of  the  period  of  rota- 
tion of  a  component  of  a  Cepheid  pair  there  would 
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seem  to  be  some  room  for  speculation,  particu- 
larly in  view  of  the  high  average  eccentricity  ob- 
served in  these  systems.  Although  the  mass  of 
the  secondary  is  probably  relatively  small,  it  will 
be  considered  that  the  operation  of  tidal  friction 
in  these  systems  would  tend  to  place  or  hold  the 
rotational  and  orbital  periods  in  coincidence  or 
commensurability,  opposing  the  tendency  toward 
rotational  acceleration  due  to  contraction.  At 
least  it  seems  probable  that  the  rotational  and  or- 
bital periods  will  be  of  the  same  order  of  mag- 
nitude in  any  Cepheid  star. 

If,  in  application  of  the  above  conclusions,  we 
make  the  apparently  conservative  assumption  that 
the  area  of  the  surface  of  tlie  primary  of  the  av- 
erage Cepheid  variable  star  is  four  times  that  of 
our  sun,  the  period  of  rotation  being  seven  days, 
it  follows  that  the  rotational  velocity  of  an  equa- 
torial point  of  such  a  star  will  take  the  large  value 
of  fourteen  kilometers  per  second.  Accordingly, 
if  the  distribution  of  luminosity  over  the  surface 
of  such  a  star  be  such  as  has  been  assumed  above 
as  probable,  it  would  seem  that  cases  with  veloc- 
ity cun-es  showing  irregularities  of  appreciable 
magnitude  might  occur  among  Cepheid  varia- 
bles. 

However,  it  must  be  kept  in  mind  that  the  ease 
of  detection  of  a  secondary  curve  superposed 
upon  a  velocity  curve  corresponding  to  orbital 
motion  in  a  closed  conic  section  depends  not  only 
on  the  magnitude  of  the  irregidarity  but  also  up- 
on its  period  and  position  with  reference  to  the 
primary  and  upon  the  form  of  tlie  two  curves 
combined.^  Thus,  if  we  superpose  a  curve  corre- 
sponding to  circular  motion  upon  another  of  the 
same  period,  the  result  is  a  circular  velocity  curve 
whatever  the  relative  phases  of  the  original 
curves  may  be.  Consider  an  elliptic  velocity 
curve  corresponding  to  the  orbital  elements  which 
we  may  consider  normal  to  the  average  Cepheid 
variable:  ^  =  0.30,  (0  =  70°,  /v  =  i7km.  If  we 
superpose  upon  this  a  sine  curve  of  the  same  pe- 
riod, representing  the  velocitv  curve  due  to  the 


'See   Russell's  paper  Astronomical  Journal   Vol    XV, 
p.  252. 


rotation  of  a  star  with  unequally  bright  hemi- 
spheres and  expressed  by  equation, 

]'  ^  —  6  sin  (-U-j-w)  kilometers, 

(the  simplest  assumption  and  perhaps  a  reasona- 
ble one  so  far  as  the  amplitude  is  concerned) 
there  results  a  curve  which  is  satisfied  throughout 
its  length  within  a  fraction  of  a  kilometer  by  the 
elements,  (r  =  o.28,  <»=  110° .6,  and  K=^  18.0  km. 
If,  then,  the  secondary  curve  produced  by  ro- 
tation in  any  system  is  a  simple  sine  curve,  with 
a  period  equal  to  the  orbital  period,  its  pres- 
ence will  not  be  recognized  under  these  circum- 
stances even  though  it  may  alter  quite  apprecia- 
bly the  elements  derived  in  the  usual  manner 
from  the  velocity  curve. 

However  it  is  probable  that  no  one  will  main- 
tain that  the  rotational  curves  of  a  Cepheid  vari- 
ble  under  the  conditions  here  supposed  would  us- 
ually be  simple  regular  figures  like  a  sine  curve 
with  the  period  identical  with  the  orbital  period. 
A  consideration  of  the  librations  and  varying  or- 
bital velocity  in  the  Cepheid  systems  of  marked 
eccentricity  would  render  this  view  untenable. 
Accordingly,  if  the  conditions  assumed  above  are 
present  in  the  average  Cepheid  system  it  would 
seem  that  some  cases  of  irregularity  in  their  ve- 
locity curves  might  be  found. 

There  are  ten  Cepheid  variables  including  Po- 
laris of  which  the  velocity  curv'es  are  fairly  well 
determined.  Of  these,  two  (those  of  t,  Gemin- 
orum  and  W  Sagittarii)  are  known  to  be  irregu- 
lar; one  (that  of  RT  Aurigae)  shows  strong  evi- 
dence of  irregularity;  and  two  (those  of  -q 
Aquilae  and  Y  Ophiuchi)  have  been  suspected 
of  irregularity.  In  addition,  the  velocity  curve 
of  S  Sagittae  has  given  evidence  of  departure 
from  elliptic  form.  Probably  this  proportion  of 
curves,  irregular  or  suspected  of  irregularity,  is 
such  as  we  might  expect  in  view  of  the  points 
discussed  above. 

Although  the  detection  of  a  secondary  sine 
curve  of  the  same  period  as  the  principal  curve 
may  not  be  possible,  it  will  nevertheless  be  inter- 
esting to  examine  the  irregular  velocity  curves 
of  two  of  these  stars,  t,  Geminorum  and  W  Sag- 
ittarii, in  an  avowedly  preliminary  way,  to  de- 
termine the  possible  character  of  the  secondary 
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curve,  considered  as  due  to  rototion,  under  vari- 
ous assumptions  as  to  its  period  and  the  elements 
of  the  principal  curve,  and  to  consider  the  sec- 
ondary curves  so  found  in  connection  with  the 
rotation  theory  here  proposed. 

The  irregxilarity  of  the  velocity  cun'e  of  ^ 
Geminorum  was  established  by  Campbell,  whose 
excellent  observations,  extending  from  1898,  No- 
vember II,  to  1900,  February  11,  indicated  that 
this  irregularity  was  not  a  rapidly  changing  phe- 
nomenon. He  considered  the  period  of  the  super- 
posed curve  to  be  one-third  that  of  the  principal 
on  the  average,  but  on  that  basis  did  not  succeed 
in  determining  a  secondary  curve  of  closely  sim- 
ilar amplitude,  form  and  period  throughout  the 
three  complete  excursions  comprised  in  one  peri- 
od of  the  principal  curve.  The  observations  are 
plotted  in  the  lower  figure  of  Plate  XIX. 

The  irregularity  of  the  velocity  curve  of  W 
Sagittarii  was  discovered  by  the  writer.  The  ob- 
servations, which  were  made  for  the  most  part  in 
one  year,  were  not  sufficient  to  determine  the  de- 
tails of  the  curve  with  great  accuracy,  but  the 
general  form,  including  the  irregularity,  was  well 
established.  The  secondary  or  superposed  curv'e 
was  considered  to  be  a  sine  curve  with  an  ampli- 
tude of  4.2  km.  at  the  crest  and  5.5  km.  at  the 
trough  with  a  period  one-half  that  of  the  primary 
curve.  Subsequently  a  striking  resemblance  was 
noted  by  the  writer  between  the  velocity  curve 
of  this  star  and  the  photometric  light  cur^'es 
which  had  then  been  published,  as  detennined 
by  E.  C.  Pickering  a  few  years  before. 

At  first  sight  there  seems  to  be  little  resem- 
blance between  the  velocity  cun'es  of  C  Geminor- 
um and  \V  Sagittarii.  So  far  as  the  writer 
knows,  none  has  been  pointed  out.  But  if  either 
curve  be  reversed,  as  the  reader  may  do  mentally 
in  connection  with  Plate  XIX,  the  form  of  the 
two  curves  becomes  strikingly  similar.  Indeed 
the  conclusion  is  at  once  suggested  that  a  similar 
though  reversible  process  of  periodic  change  is 
revealed  in  each  system.  But,  though  this  may 
he  the  case,  further  examination  has  not  indi- 
cated that  these  curves  illustrate  direct  and  re- 
versed aspects  of  exactly  the  same  cyclical 
change. 


EXPERIMENTAL  CURVES. 

Considering  first  the  case  of  ^  Geminorum  (the 
heavy  line  of  the  lower  figure  of  Plate  XIX),  on 
the  assumption  that  the  orbital  and  secondary  pe- 
riods are  closely  identical,  a  secondary  oscillation, 
one  of  the  many  possible,  is  at  once  suggested  by 
the  form  of  the  velocity  curve.  But  in  order  to 
test  the  possible  application  of  a  rotational  theo- 
ry, the  selection  of  the  principal  curve  may  be 
influenced  especially  by  three  considerations :  that 
the  secondar}'  oscillation  should  be  regular,  that 
the  cross  points  of  principal  and  secondary  curves 
should  be  roughly  one-half  period  apart,  and 
that  the  displacement  of  the  velocity  curve  with 
reference  to  the  orbital  curve  should  be  negative 
on  the  descending  branch  and  positive  on  the 
ascending  branch  of  the  latter  curve.  One  set  of 
elements  is  given  in  Table  \'. 

TABLE  v.— ELEMEXTS  OF  THE  VELOCITY 
CUR\Ti  OF  r  GE.MIXORUM. 


PRIM.^RY  CURVE 

10.154  days 
295°/ 

O.II 

8.42  days 
-~26.o  km. 
—  lo.o  km. 
-(-7.1  km. 


SECOXD.ARY  CURVE 

10.134  days 


-f8.5±km. 
— 6.S±km. 


.\  glance  at  the  curve  of  short  dashes  in  the 
lower  figure  of  Plate  XIX  will  disclose  the  char- 
acter of  the  selected  secondar}-  oscillation.  It 
will  be  seen  that  it  is  little  if  any  more  closely 
like  a  circular  velocity  curve  than  is  Campbell's 
third-period  oscillation.  Further  the  deviations 
of  this  secondary  from  a  circular  velocity  curve 
are  about  as  great  at  some  points  as  the  devia- 
tion of  the  velocitj-  curve  from  a  mean  elliptical 
curve.  Evidently  this  empirical  analysis  of  the 
velocity  curve  does  not  lead  to  a  simple  secondar)- 
oscillation  and  from  that  point  of  view  does  not 
simplify  the  problem.  It  does  suggest  the  pres- 
ence in  the  S3-stem  of  a  large  eflFect  due  to  rota- 
tion which,  if  established,  might  explain  the  ir- 
regularities so  far  unaccounted  for.  But  the  ob- 
jection remains  that  a  large  irregularity  is  as- 
sumed in  order  to  explain  one  apparently  much 


/ 

J\ 

/o  ^ 

o^ 

^/ 

^z 

"^x 

/ 

\ 

'  / 

/ 

\ 

\  \ 
\  \ 
\  ^, 

y yi 

V 

\ 

^^ 

\ 

"K 

iP-^..r> 

/ 

/ 

\^ 

\        "9 

V 

y  ^ 

/  / 

)      / 

^ 

•'' 

Odays  12  3  4  5  6 


10  11  12  djvs  13 


Plate  XIX. 

Upper  Figure.     Suggested  Orbital  and  Rotational  Curves  of  W  Sagittarh. 
(Observations  by  Curtiss.) 

Lower  Figure.     Experimental  Orbital  and  Rotational  Curves  of 
Zeta  Geminorum.     (Observations  by  Campbell.) 
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smaller  and  by  some  this  will  be  considered  un- 
favorable to  the  reality  of  the  curves  drawn.  So 
far  as  this  combination  of  curves  goes,  as  well  as 
other  combinations  which  have  been  considered 
by  the  writer,  there  seems  to  be  nothing  pointing 
definitely  to  the  action  of  rotation  in  a  whole 
period  as  producing  the  irregularities  in  the  ve- 
locity curve  of  f  Geminorum. 

Though  deviations  of  the  secondary  oscillation 
from  a  sine  curve  are  not  to  be  considered  fatal 
to  a  rotational  hypothesis  there  are  certain  condi- 
tions which  such  an  oscillation  might  be  sup- 
posed to  satisfy.  If  the  primary  curve  is  to  be 
considered  as  corresponding  to  the  true  elliptical 
motion  of  the  primary  star,  the  excursions  of  the 
actual  velocity  curve  with  reference  to  this  pri- 
mary' being  attributed  to  the  rotation  of  this 
body,  assumed  to  be  unequally  bright,  in  a  peri- 
od equal  to  the  orbital  period,  the  cross  points 
of  the  two  cur\'es  should  represent  instants  when 
the  brighter  hemisphere  is  presented  to  or  away 
from  the  observer.  Apparently,  on  this  basis, 
as  is  evident  from  a  consideration  of  the  relative 
positions  of  the  orbital  and  rotational  curves,  the 
cross-point  at  phase,  2.9  days,  should  correspond 
to  the  instant  of  presentation  of  the  bright  area 
of  the  star's  surface  to  the  observer;  and  the 
cross-point  at  8.2  days,  to  the  instant  of  presen- 
tation of  the  darker  area.  Apparently  these  ve- 
locity phases  ought  to  correspond  to  the  epochs 
of  ma.ximum  and  minimum  light.  But  the  first 
precedes  the  light  maximum  by  about  one-fifth 
of  the  orbital  period ;  and  the  second,  the  light 
minimum  by  a  like  interval.  An  explanation  for 
this  discrepancy  is  suggested  if  we  note  that  the 
first  cross  point  occurs  at  apastron  and  the  sec- 
ond at  periastron.  Though  the  brighter  area  of 
the  star  may  be  presented  to  the  observer  at  the 
instant  corresponding  to  the  first  cross  point,  the 
brightening  of  the  star's  surface  due  to  greater 
orbital  velocity  after  apastron  passage  may,  for 
a  time,  overcome  the  dimming  due  to  the  turning 
away  of  the  brighter  area  by  rotation.  Similar 
considerations  may  be  advanced  to  account  for 
the  discrepancy  in  connection  with  the  second 
cross  point. 

It  might  also  be  expected  that  the  cross  points 
of  the  principal  and  secondary  curves  would  syn- 


chronize more  closely  with  the  epochs  of  orbital 
maximum  and  minimum  of  velocity.  Only  part 
of  this  discrepancy  is  explained  as  the  result  of 
sim])le  librations.  To  account  for  the  rest  we 
may  make  various  assumptions :  e.  g.,  that  part  of 
the  brightening  efTect  of  the  resisting  medium  is 
of  a  semi-permanent  nature,  and  that  the  period 
of  rotation  is  a  very  little  shorter  than  the  orbital 
period. 

Considering  the  velocity  curves  of  W  Sagit- 
tarii  on  the -same  basis  as  above,  the  rotational 
and  orbital  periods  being  assumed  closely  identi- 
cal, primar}-  and  secondary  curves  have  been  de- 
termined as  represented  by  the  elements  in  Table 
\  I.  In  this  case  there  seems  to  be  no  connection 
between  the  cunes  derived  and  the  rotation  theo- 
ry proposed  above  unless  the  direction  of  rotation 
be  opposite  to  that  of  orbital  revolution ;  and  such 
a  condition  appears  so  improbable  that  the  corre- 
sponding curves  have  not  been  shown. 

T.ABLE   VI.— ELEMEXTS   OF  W   SAGITTARII. 


p 

g 

PRIMARY  CURVE 

7.59s  days 

0.26 
■72°  7 

1. 1 5     days 
-f  1.0  km. 
—53.6  km. 
—28.4  km. 

SECON-DARV  CURVE 

7595  days 

la 

T 

A 
B 
V, 

-f-io  km. 
—10  km. 

But  other  interpretations  of  the  velocity  curve 
of  W  Sagittarii  are  possible  if  we  adopt  a  second- 
ary oscillation,  differing  considerably  from  a  sine 
curve  both  as  to  form  and  equality  of  positive 
and  negative  amplitude,  but  showing  no  marked 
irregularities,  and  conforming  well  to  certain  re- 
quirements of  a  rotation  theory.  The  elements  of 
one  set  of  curves  are  given  in  Table  \'II,  and  the 
cun-es  themselves  are  shown  in  the  upper  figure 
of  Plate  XIX. 

T.ABLE  VII.— SECOND  ELEMEXTS  OF 
W  S.\GITT.\RII. 


PRIMARY  CURVE 

SECONDARY  CURVE 

p 

7.595  days 

7.595  days 

e 

0.21 

333.°o 

T 

4.71  days 

A 

^  12  km. 

-i- 

6.S    km. 

B 

—457  km. 
— 27.8  km. 

— 

155  km. 
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In  selecting  this  primary  curve  three  consid- 
erations have  been  kept  particularly  in  view  ;  that 
there  should  be  one  maximum  and  one  minimum 
in  a  complete  oscillation  of  the  secondary  curve, 
that  the  cross  points  of  the  primary  and  second- 
ary cur\-es  should  be  very  nearly  one  half-period 
apart,  and  that  the  displacement  of  the  velocity 
curve  with  reference  to  the  orbital  curve  should 
be  negative  on  the  descending  branch  and  posi- 
tive on  the  ascending  branch  of  the  latter  curve 
• — all  in  accordance  with  the  simplest  application 
of  a  rotation  theory.  The  amplitude  and  form 
of  the  secondary  oscillation  (shown  clearly  in  the 
upper  figure  of  Plate  XIX)  result  from  the  ap- 
plication of  these  conditions  with  an  added  pref- 
erence for  smaller  amplitudes. 

In  this  case  it  wnll  be  noted  that  the  cross 
points  corresponding  to  presentment  of  the  dark- 
er area  to  the  earth  precedes  the  light  minimum 
by  one-tenth  of  the  period ;  and  the  cross  point 
corresponding  to  presentment  of  the  brighter 
area  to  the  observer  follows  the  light  maximum 
by  a  slightly  greater  interval.  But  periastron 
occurs  immediately  (0.035^)  after  the  first  cross 
point;  and  apastron  shortly  (0.040P)  after  the 
second.  These  last  facts  suggest  that  the  in- 
creasing faintness  of  the  following  side  of  the 
star  in  the  neighborhood  of  periastron  passage 
modifies  the  rotational  effect  and  retards  the  oc- 
currence of  minimum  light,  and  that  the  decreas- 
ing brightness  of  the  preceding  face  as  the  ve- 
locity approaches  its  minimum  at  apastron  leads 
to  the  occurrence  of  maximum  light  shortly  be- 
fore the  brighter  area  is  most  nearly  presented 
to  the  observer. 

The  greater  amplitude  of  the  minimum  of  the 
secondar)^  curve  as  compared  with  that  of  the 
maximum  may  also  be  explained  through  a  con- 
sideration of  the  time  of  occurrence  of  these 
phases  with  reference  to  periastron  and  apastron. 
Thus  the  great  amplitude  of  the  minimum  of  the 
secondary  or  rotational  curve  following  peri- 
astron may  be  due  to  the  greater  difference  in 
brightness  of  the  brighter  and  darker  areas  of 
the  star  after  its  relatively  rapid  motion  in  this 
section  of  the  orbit ;  and  the  smaller  amplitude 
at  maximum  of  the  rotational  curve  following 
apastron  passage  may  be  due  to  the  smaller  dif- 


ference between  the  brighter  and  darker  areas  of 
the  star  after  its  slower  motion  through  this  sec- 
tion of  the  orbit. 

But  the  assumed  rotational  curve  in  this  in- 
stance is  of  peculiar  interest  because  its  form 
may  be  considered  to  point  to  an  unsymmetrical 
brightening  of  the  rotating  star.  As  Loud  has 
pointed  out,  if  the  resisting  medium  diminish  the 
period  of  revolution  sufficiently,  the  period  of  ro- 
tation may  very  slightly  exceed  that  of  revolu- 
tion and  the  point  of  maximum  brightness  near 
the  advancing  front  may  move  slowly  around  the 
star's  equator,  leaving  a  trail  of  diminishing 
brightness.  Then,  as  the  star  rotates,  bringing 
into  view  first  the  region  of  greatest  brightness 
and,  in  their  turn,  those  of  declining  brightness, 
there  ensues  the  rapid  rise  and  slow  decline  of 
apparent  total  light  characteristic  of  Cepheid  stars. 
At  the  same  time,  a  rotational  curve  somewhat 
similar  in  form  (and  possibly  also  in  amplitude) 
to  that  shown  here  would  result;  and  the  effect 
upon  the  observed  velocity  curve  would  be  evi- 
dent in  a  strong  depression  in  the  descending 
branch,  tending  to  increase  the  eccentricity,  in 
general,  and  tending  to  throw  the  apparent  peri- 
astron point  into  the  first  and  second  quadrants. 
The  orbital  curve  of  W.  Sagittarii,  adopting  a 
secondary  of  this  type,  tends  toward  a  circular 
form. 

L'nder  this  hypothesis,  it  seems  not  impossible 
that  the  orbits  of  the  Cepheid  stars,  studied  with 
the  spectrograph,  may  be  considered  to  be  more 
nearly  circular.  Further,  on  this  hypothesis,  the 
proportion  of  light  and  velocity  curves  with  rec- 
ognizable irregularities  might  be  such  as  actually 
found.  And  in  some  cases,  as  possibly  in  ^  Gem- 
inorum,  a  close  synchronism  of  rotation  and  or- 
bital motion  may  accompany  roughly  S}'mmetrical 
( though  perhaps  irregular)  brightening,  leading 
to  nearly  symmetrical  (though  perhaps  irregular) 
light  and  velocity  curves.  No  other  hypothesis  so 
far  proposed  seems  to  account  for  so  many 
Cepheid  characteristics  as  that  of  Loud.  But  for 
a  typical  case  with  w  in  the  neighborhood  of 
seventy  degrees,  if  this  type  of  secondary  be 
assumed  as  due  to  rotation,  the  additional 
assumption,  that  the  brighter  area  of  the  star  is 
directed  roughly  toward  the  center  of  the  nearly 
circular  orbit,  would  seem  to  be  suggested. 
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L'p  to  this  point,  in  coiisidcring'  the  systems  of 
f  tieiiiiiiorum  and  \V  Sajjittarii,  it  has  been  as- 
sumed that  the  anj^ular  rates  of  rotation  and  or- 
lital  PLVolution  arc  closely  similar  and  that  the 
direction  of  each  is  the  same.  .\s  to  the  close 
identity  of  the  direction  of  orbital  motion  and 
rotation  there  seems  little  room  for  question 
thoujjjh  the  axis  of  rotation  may  not  be  accurately 
per])endicular  to  the  orbital  plane.  Further,  in 
case  of  circular  orbital  motion  there  seems  to  be 
justification  for  the  assumjjtion.  frequently  made, 
that  orbital  and  rotational  periods  are  equal. 
However,  in  the  consideration  of  close  binary 
systems  of  high  orbital  eccentricity,  if  this  iden- 
tity be  adopted,  the  resulting  librations  become 
so  great  that  serious  question  arises  as  to  the  ad 
visability  of  the  assumption.  If  we  consider  the 
average  Cepheid  variable  of  Table  IH,  we  find 
the  eccentricity  to  be  about  0.29.  In  such  a  sys- 
tem, if  the  identity  of  the  orbital  and  rotation 
periods  be  assumed,  the  excess  of  the  orbital  rev- 
olution over  the  angular  motion  of  rotation  dur- 
ing periastron  passage  from  latus  rectum  to  latus 
rectum  again  is  65° — more  than  one-third  of  the 
change  in  true  anomaly.  During  the  correspond- 
ing apastron  passage,  the  extent  of  this  libration 
is  nearly  the  same ;  but,  as  the  writer  has  pointed 
out,  the  tidal  force  varies  in  the  ratio  of  one  to 
eight  between  the  apastron  and  periastron  points, 
and  the  tidal  forces  are  far  more  effective  in  the 
neighborhood  of  periastron.  Thus  the  question 
arises :  In  the  case  of  close  binary  systems  of 
high  eccentricity,  will  the  greater  tidal  action  in 
the  section  of  the  orbit  near  periastron  induce. 
as  the  result  of  tidal  friction,  an  angular  velocity 
of  rotation  which  will  follow  closely  the  angular 
velocity  in  this  part  of  the  orbit? 

In  a  system  with  an  orbital  eccentricity  of  0.35, 
if  the  period  of  rotation  be  one-half  the  orbital 
period,  the  same  area  of  each  star  will  be  pre- 
sented to  the  companion  throughout  an  arc  of 
73''  at  periastron  with  a  libration  not  exceeding 
2'/<>°,  and  throughout  an  arc  of  120°  with  a  li- 
bration of  20^.  Under  the  assumption  of  identi- 
cal orbital  and  rotational  periods  the  correspond- 
ing librations  would  be  34"  and  41"  of  stellar 
longitude.  Under  these  circumstances  is  it  pos- 
sible that   a  period   of   rotation  of  one-half  the 


orliital  period  will  best  satisfy  the  conditions  in 
the  system?  Possibly  the  answer  to  these  highly 
interesting  questions  will  sometime  be  found 
through  the  study  of  Cepheid  variables. 

If  the  half-period  rotation  is  to  account  for  the 
irregularities  in  the  velocity  curve  of  such  a  star 
as  W  Sagittarii  it  seems  necessary  to  assume  that 
there  is  between  two  hemispheres  of  the  rotating 
star  a  difference  of  effective  brightness  semi-per- 
manent in  character  and  not  immediately  depend- 
ent on  the  action  of  a  resisting  medium  at  any 
instant  if  such  be  assumed.  That  such  a  semi- 
permanent effect  may  be  present  in  these  Ceph- 
eid stars  seems  not  unreasonable  in  view  of  the 
relatively  higher  orbital  velocities  near  periastron 
and  in  view  of  the  presentation  in  orbits  of  cer- 
tain eccentricities,  of  the  same  face  of  the  star 
very  closely  in  the  direction  of  orbital  motion 
during  ninety  degrees  of  anomalistic  motion  near 
periastron.  Possibly  then  the  relative  brightness 
differences  of  the  preceding  and  following  faces 
of  the  star,  set  up  during  motion  about  periastron, 
remains  a  semipermanent  feature  of  the  star's 
surface.  If  this  effect  were  present,  a  secondar}' 
velocity  curve  due  to  a  half-period  rotation  might 
manifest  itself — greatly  modified  perhaps  by 
more  rapid  surface  changes  immediately  attend- 
ing orbital  motion.  Possibly  the  components  in 
the  velocity  curve  due  to  the  rapid  changes  of 
surface  brightness  combined  with  rotation  would 
follow  a  sine  curve  closely  with  a  period  identi- 
cal with  that  of  orbital  revolution  and  might  not 
be  detected  even  if  relatively  great.  But  the  ef- 
fect of  a  half-period  rotation  combined  with  a 
considerable  permanent  difference  of  relative 
brightness  between  two  hemispheres  might  be 
readily  observed. 

Already  the  velocity  curve  of  W  Sagittarii  has 
been  studied  by  the  writer  on  the  assumption  that 
the  period  of  the  secondary  curve  is  half  the  or- 
bital period.  The  elements  derived  are  repro- 
duced in  Table  \'III.  The  corresponding  curve 
has  been  published  in  No.  62  of  the  Lick  Observ- 
atory Bulletins  and  in  the  Astrophysical  Journal, 
^'olume  20,  p.  149.  The  secondary  curve  seems 
to  follow  a  sine  curve  closely,  and  the  eccentricity 
of  the  corresponding  orbit  of  the  system  is  such 
that  the  assumed  period  of  rotation  seems  not  un- 
reasonable, 
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TABLE  VIII.-ELEMENTS  OF  W  SAGITTARII.  TABLE  IX.-ELEMEXTS  OF  if  GEMINORUM. 


PRINCIPAL  CURVE 

SECOND.\RY  CURVE 

7.595  days 
70.0  degrees 

3.8 

0.320 

0.0 

6.20  days 

-I-21.6  km. 

-I-4.2  km. 

—17.4  km. 

—5.5  km. 

—28.6  km. 

r 

Ma.r.  I'd. 
Min.  I'd. 

r'. 


PRINCIPAL  CURVE 

10.154  days 
58.9  degrees 
0.18 

1. 10  days 
+21.5  km. 
—  5-5  km. 
+  6.8  km. 


SECONDARY  CURVE 

5.08  days 


+4-5  ±  km. 
—4.5  ±  km. 


The  position  of  the  secondary  curve  considered  If  the  rotation  theory  here  outlined  be  assum- 

in  connection  with  the  rotation  theory  advanced  ed,    the    more    probable    additional    assumption 

above  indicates  that  the  brighter  face  of  the  star  seems  to  be  that  the  orbital  and  rotational  periods 

is  most  nearly  directed  to  the  earth  at  maximum  of  ^  Geminorum  are  closely  identical.     But  on 

liHit.      Immediately   thereafter,    as    the    rotation  this  assumption,  there  are  certain  discrepancies 

turns  the  brighter  face  away,  a  secondary  light  to  be  explained  and  the  resulting  secondary  oscil- 

minimum  has  been  observed,  according  to  Pick-  lation  curve  differs  from  a  sine  curve  by  quanti- 


ering.  This  is  followed  by  a  secondary  maxi- 
mum, 3.8  days  after  the  principal  maximum,  at 
which  phase  a  cross  point  of  the  velocity  curves 
occurs  and  the  more  permanently  brighter  area 
of  the  rotating  star  is  again  presented  to  the  ob- 
server according  to  the  rotation  theory.  Near 
principal  light  minimum  the  brighter  area  is  again 
turned  away  from  the  observer  at  the  fourth  cross 
point  of  the  secondary  curve.  Thus  some  relation 
between  the  light  curve  and  the  above  interpre- 
tation of  the  velocity  curve  is  indicated.  The 
double  amplitude  of  the  secondary  light  oscilla- 
tion is  about  0.24  magnitudes  and  that   of   the      j,ito  two  classes:  one  with  a  preference  for  peri- 


ties  about  as  great  as  the  semi-amplitude  of 
Campbell's  third-period  secondary.  Whereas  a 
rotational  effect  is  probably  present,  it  is  not  def- 
mitely  indicated  so  far  as  these  investigations  go. 
In  the  case  of  W  Sagittarii  there  is  evidence  of  a 
connection  of  rotational  effects  with  the  irregu- 
larities observed  both  in  the  light  and  velocity 
curves. 

SUMM-VRV. 

I.  Studies  of  the  tlistribution  by  periods  of 
the  stars  of  Luizet's  list  of  Cepheid  variables  in- 
dicates that  these  stars  mav  be  divided  tentatively 


principal  light  variation,  0.6  magnitudes. 

The  velocity  curve  of  t  Geminorum  has  also 
been  studied  on  the  assumption  that  the  rotation 
period  is  half  the  orbital  period  and  that  a  per- 
manent difference  of  brightness  exists  between 
two  opposite  hemispheres  of  the  principal  star. 
The  resulting  elements  are  given  in  Table  IX. 
In  this  case  the  form  of  the  secondary  curve  is  ir- 
regular. Also  the  same  face  of  the  visible  star 
is  presented  to  the  observer  at  maximum  light 
and  at  minimum  light  on  the  rotation  theory. 
There  seems  little  to  recommend  these  curves  as 
representing  real  conditions  in  this  system. 


ods  of  four  to  eight  days,  but  possibly  including 
variables  with  periods  up  to  100  days  or  more; 
the  other  with  periods  less  than  two  days. 

2.  Studies  of  the  relation  between  average 
magnitude  range  and  period  indicate  that  these 
two  quantities  are  connected  by  a  complex  rela- 
tion undoubtedly  involving  many  factors.  A  well 
determined  curve  connecting  these  two  elements 
is  siiown  in  Plate  X\'III. 

3.  On  the  basis  of  Ludendorft'"s  equation  be- 
tween velocity  and  magnitude  range  in  Cepheid 
variables,  a  relation  between  the  light  period  and 
the   average   velocity   range  ought   to   follow   in 
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accordance  with  the  curve  of  Plate  XN'III.  The 
reality  of  such  a  relation  is  questioned.  The  re- 
lation, /^  =  JCKX)  A."-',  is  tentatively  proposed. 

4.  Some  indication  is  found  of  an  increase, 
with  increasing  systemic  velocity,  in  the  obsen^ed 
discrepancy  between  the  times  of  occurrence  of 
light  ma.xima  and  velocity  minima  in  Cepheid 
systems.  This  relation  is  possibly  in  harmony 
with  the  assumption  of  a  resisting  medium  in  the 
system. 

5.  In  accordance  with  the  known  light  and 
velocity  relations  in  Cepheid  systems,  it  should 
be  expected,  as  the  known  results  show,  that  a 
preference  for  the  first  two  quadrants  should  be 
exhibited  in  the  values  of  the  angular  distance  of 
periastron  from  the  node. 

6.  On  some  grounds  it  seems  probable  that 
the  surface  area,  surface  luminosity  and  axial  ro- 
tation of  some  Cepheid  variables  is  such  that  ro- 
tational effects  in  their  velocity  cur\-es  are  to  be 
expected.  If  the  superposed  curve  due  to  rota- 
tion is  of  small  amplitude  or  differs  little  from  a 
sine  curve  of  period  equal  to  the  orbital  period, 
its  presence  may  not  be  detected  though  the  ele- 
ments of  the  system  as  derived  from  the  velocity 
cur\-e  will  be  more  or  less  affected.  If  the  sec- 
ondani-  is  irregular  or  different  in  period  from 
the  primary,  its  presence  will  be  more  clearly 
revealed.  If  the  orbital  and  secondan-  periods 
are  alike,  the  form  of  these  curves  will  in  gen- 
eral be  indeterminable.  But,  keeping  the  sim- 
plest requirements  of  the  rotational  effect  in 
mind,  principal  curves  may  be  selected  and  the 
resulting  secondary  oscillation  may  be  examined. 

Preliminary  studies  of  the  velocity  curve  of 
^  Geminorum  indicate  that,  while  velocity  dis- 
placements of  considerable  magnitude  may  be 
caused  by  rotation  in  this  star,  no  simple  applica- 
tion of  a  rotation  theory  has  accounted  definitely 
for  the  irregularities  observed.  The  irregulari- 
ties in  the  velocity  curve  of  \^'  Sagittarii  are  per- 
haps more  in  harmony  with  the  application  of  a 
rotation  theory  in  connection  with  a  theory  of 
unsymmetrical  brightening,  or  in  connection 
with  the  assumption  that  the  rotation  period  is 
one-half   the  orbital  jjeriod  if  such  be  possible. 


CO.NCLfSIOX. 

It  will  be  noted  that  appeal  has  been  frequently 
made  in  this  discussion  to  the  theory'  that  a  re- 
sisting medium  is  present  in  any  Cepheid  sys- 
tem, which  enhances  the  relative  brightness  of 
that  side  of  the  visible  component  which  faces 
the  direction  of  orbital  motion.  This  theory  ac- 
counts for  a  number  of  established  facts  in  con- 
nection with  these  systems. 

It  is  especially  interesting  to  consider  the  ef- 
fects that  the  presence  of  such  a  medium  might 
have  upon  the  orbital  elements  of  such  a  system. 
If  of  suf^cient  density,  it  is  quite  possible  that  its 
action  would  reverse,  under  some  circumstances, 
or  balance,  under  others,  the  tendency  toward  a 
lengthening  of  the  period  of  revolution  resulting 
from  tidal  friction  and  would  thus  maintain  or 
produce  an  exceptionally  small  value  of  the  or- 
bital period  in  these  systems  even  though  they 
be  relatively  old.  In  this  way  the  occurrence  of 
solar  type  binaries  of  relatively  short  period,, 
which  is  characteristic  of  many  Cepheid  varia- 
bles may  be  accounted  for.  On  the  other  hand 
the  well  known  perturbation  in  the  eccentricity 
due  to  the  action  of  a  resisting  medium  on  a  body 
moving  in  an  eccentric  orbit,  might  be  expected  to 
have  tended  toward  smaller  values  of  the  eccen- 
tricities in  these  systems.  That  the  eccentricities 
so  far  observed  in  Cepheid  systems  average  large 
may  indicate  that  the  conditions  (e.  g.,  tidal  fric- 
tion) favorable  to  increasing  eccentricity,  which 
have  operated  in  the  average  binary  system  old 
enough  to  have  assumed  the  solar  type  spectrum, 
may  also  have  predominated  here  in  their  influ- 
ence upon  departure  from  orbital  circularity. 

At  the  same  time,  it  seems  quite  possible  that 
the  true  orbital  curves  of  the  Cepheid  stars  are, 
as  a  rule,  nearly  circular.  The  eccentricity  as 
well  as  the  irregularities  of  the  observed  velocity 
curves  may  be  due  to  the  superposition  of  unsym- 
metrical rotational  displacements,  explicable  on 
the  basis  of  some  theory  similar  to  that  of  Pro- 
fessor F.  II.  Loud,  discussed  briefly  above. 

August  I,  1913. 


STUDIES  OF  THE  SPECTRA  OF  DELTA  AND  EPSILON  ORIONIS 

By  RALPH  H.  CURTISS 


The  recent  discovery  by  Stebbins  of  light 
variations  due  to  echpses  in  the  system  of 
S  Orionis  has  made  desirable  a  reinvestigation  of 
the  orbital  elements  of  this  star  in  order  that 
recently  observed  velocities  may  supplement  the 
light  measures  in  the  determination  of  the  con- 
stants of  this  system.  In  addition,  spectroscopic 
studies  of  this  star  are  of  especial  value  in  them- 
selves at  this  time  because  of  the  fact  that  this 
is  one  of  a  very  few  short  period  binaries  of 
which  reliable  elements  are  determinable,  dating 
back  eleven  years,  making  possible  the  accumu- 
lation of  some  evidence  with  reference  to  the 
variability  of  the  orbits  of  close  systems.  Also 
in  connection  with  this  star,  further  studies  of 
the  sharp  apparently  fixed  K  line  of  Calcium, 
discovered  by  Hartmann,  are  desirable,  as  well 
as  an  inspection  of  the  visual  region  of  the  spec- 
trum. 

The  spectroscopic  study  of  «  Orionis  was  un- 
dertaken at  this  time  chiefly  in  order  to  throw 
light  upon  the  question  of  the  availability  of  this 
star  as  a  reliable  comparison  source,  in  which 
capacity  it  had  been  used  by  Stebbins  in  all  his 
observations  of  8  Orionis.  In  this  connection  it 
is  important  to  know  the  period  and  extent  of 
the  velocity  variations.  Considerable  interest 
also  attaches  to  the  study  of  the  velocities  ob- 
tained from  the  H  and  K  lines  in  the  spectrum 
of  this  object,  and  to  the  inspection  of  the  visual 
region  of  this  spectrum. 

These  considerations  have  led  to  the  inclusion 
of  these  two  stars  in  our  rather  limited  observ- 
ing list  of  miscellaneous  objects  apart  from  our 
regular  programs  of  spectroscopic  work. 

8  ORIONIS. 

The  Tot.m,  Light. 

The  visual  magnitude  of  8  Orionis  (a  =  5h 
27m,  8  =  — o'  22'),  as  given  in  the  Revised 
Harvard  Photometry,  is  2.48 ;  and  in  view  of  the 
character  of  the  spectrum  the  photographic  mag- 
nitude   may    be    taken    as    0.3    of    a    magnitude 


brighter.  .\  variation  of  the  visual  brightness 
of  this  star  (between  the  magnitude  limits,  2.2 
and  2.7,  according  to  Schonfeld)  was  thought 
by  J.  Herschel  to  have  been  detected  by  him,  but 
subsequent  observations  by  various  observers 
have  led  to  contradictory  results.  Auwers  con- 
sidered that  he  had  established  in  1854,  and  fol- 
lowed until  1858.  a  regular  variation  of  the  light 
with  a  period  of  16.08  days,  a  quantity  nearly 
equal  to  three  times  the  orbital  period.  Later 
observers,  including  Chandler  and  Sawyer,  failed 
to  confirm  .\uwers'  results  and  attributed  the 
variations  observed  by  him  to  difficulties  due  to 
the  low  altitude  of  this  star.  8  Orionis  is  not 
included  in  recent  catalogs  of  variable  stars. 

Professor  J.  Stebbins  detected  and  studied 
eclipse  variations,  with  double  minima,  in  the 
light  of  8  Orionis  and  announced  his  results  be- 
fore the  Astronomical  and  Astrophysical  Society 
of  America  in  191 1.  The  photometric  observa- 
tions and  light  curve,  which  he  has  kindly  fur- 
nished me,  indicate  that  the  magnitude  range  of 
the  light  variation  as  measured  with  the  selenium 
cell  is  o.  10  magn.,  that  the  phases  of  the  light 
minima  synchronize  closely  with  those  of  orbital 
conjunction,  and  that  the  light  variation  is  prob- 
ably continuous  like  that  of  a  /3  Lyrae  variable. 
A  striking  but  by  no  means  unprecedented  fea- 
ture of  this  light  curve  is  found  in  a  pronounced 
asymmetry  of  the  depressions  at  the  minima.  It 
was  this  feature  which  led  more  particularly  to 
the  spectral  studies  at  the  Detroit  Observatory, 
which  are  described  in  this  paper. 

THE  SPECTRUM. 

In  the  Harvard  Annals  the  spectrum  of  8 
Orionis  as  well  as  that  of  e  Orionis  is  assigned 
to  Class  B  of  which  the  latter  star  is  chosen  as  a 
tvpical  object.  Much  detail  with  reference  to 
the  mcAsurable  lines  in  these  spectra  will  be 
found  in  Table  I,  the  first  two  columns  of  which 
contain  the  wave-lengths  determined  by  Hart- 
mann for  8  Orionis  as  well  as  the  lines  used  by 
him  in  velocitv  determinations.     The  next  four 
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columns  contain  the  wave-lcn,t;tlis,  relative  in- 
tensities, number  of  measures  and  probable 
errors  of  tlie  lines  in  the  same  star  as  studied  by 
the  writer;  columns  7  to  10,  similar  data  by  the 
writer  for  t  Orionis ;  and  the  last  two  columns  of 
the  table,  the  wave-lengths  adopted  by  the  writer 
in  this  paper  together  with  partial  identification 
and  assignment  of  authority. 

Comparing  columns  i  and  3  it  is  evident  that 
the  character  of  the  spectra  measured  by  Hart- 
mann  and  the  writer  was  essentially  the  same 
and  that  there  had  been  no  important  changes 
in  the  photographic  spectrum  in  eleven  years.  Dif- 
ferences in  opinion  as  to  the  availability  of  a 
few  difficult  lines  for  velocity  work  are  account- 
able on  the  basis  of  instrumental  differences  and 
very  slight  difl'erences  of  judgment.  If  there 
has  been  any  real  change  in  this  spectrum  since 
the  epoch  of  Hartmann's  spectrograms  it  may  be 
found  in  A  4481  of  magnesium  which  Hartmann 
employed  in  his  velocity  determinations  and 
which  the  writer  found  to  be  an  extremely  diffi- 
cult line  and  one  not  available  for  velocity  work. 

A  comparison  of  columns  3  and  4  with  col- 
unms  7  and  8  of  Table  I  brings  out  interesting 
differences  between  the  lines  of  the  spectrum  of 
8  Orionis  and  those  of  the  typical  Class  B  spec- 
trum of  e  Orionis.  The  presence  of  a  greater 
number  of  measurable  lines  in  column  7  is  due 
partlv  to  the  superior  definition  of  all  lines  in 
the  spectrum  of  t  Orionis  but  also  to  real  differ- 
ences of  intensity  between  lines  found  in  this 
star  and  their  counterparts  in  8  Orionis.  Con- 
sulting the  intensities,  in  columns  4  and  8,  which 
are  the  means  of  the  estimates  made  at  each 
measurement  of  each  line,  it  will  be  seen  that 
there  is  a  striking  resemblance  between  the  ab- 
solute intensities  in  these  two  stars  of  the  lines 
of  helium  and  the  Huggins  series  of  hydrogen, 
while  the  two  representatives  of  the  Pickering 
series  and  Fowler"s  principal  series  line  at  A  4686 
are  certainly  stronger  in  8  Orionis.    Of  the  three 


strong  lines  near  118,  A  4089  is  of  equal  intensity 
in  both  spectra  while  the  other  two  are  consid- 
erably stronger  in  c  Orionis.  Metallic  lines,  such 
as  A  4481  of  magnesiimi,  A  4553,  A  4568  and 
A  4575  of  silicon,  are  decidedly  stronger  and 
better  defined  in  c  Orionis.  Apparently,  accord- 
ing to  present  ideas,  the  spectrum  of  8  Orionis 
corresponds  to  an  earlier  stage  of  evolution  than 
that  of  £  Orionis. 

The  wave-lengths  in  this  table  with  their  prob- 
able errors  require  very  little  discussion  at  this 
lime,  li  is  expected  that  they  will  be  of  value 
in  connection  with  studies  of  variation  of  wave- 
length in  stellar  spectra  from  type  to  type.  Pos- 
sibly the  most  interesting  difference  between  the 
adopted  wave-length  and  that  found  from  the 
measures  is  met  with  in  the  case  of  H8.  The 
adopted  value.  A  4101.92,  was  derived  from  meas- 
ures of  spectra  of  stars  somewhat  more  advanced 
in  type  than  is  8  Orionis.  In  the  spectra  of 
these  stars  a  measurable  nucleus  is  often  found 
in  the  HS  line,  a  feature  not  found  in  this  line 
in  8  Orionis.  In  t  ( )rionis,  where  this  line  is 
much  sharper  than  in  8,  the  wave-length  of  H8 
conforms  more  closely  to  the  value  for  stars  of 
later  type. 

The  exceedingly  diffuse  appearance  of  the  ab- 
sorption lines  in  8  Orionis  has  been  commented 
on  by  Hartmann.  He  says,  "On  account  of  the 
slight  intensity  of  the  lines,  all  defects  of  the 
film  are  very  disturbing  and,  in  consequence  of 
the  irregular  distribution  of  the  silver  grains,  the 
lines  often  appear  crooked  and  unsymmetrical, 
sometimes  indeed  double.  I  have  convinced  my- 
self by  a  special  investigation  that  the  indications 
of  duplicitv  and  unsymmetrical  broadening  can- 
not be  caused  by  lines  belonging  to  a  second 
component  of  the  stellar  system ;  but  I  do  not 
hold  it  to  be  impossible  that  the  form  of  the  lines 
is  subject  to  small  real  changes,  perhaps  in  con- 
sequence of  violent  motions  in  the  gaseous  enve- 
lope of  this  star." 
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T.\BLE 

I.    WA\E-LENGTHS  OF 

LINES  IN  THE  SPECTRA  OF  S  AND  e  ORIONIS. 

S  Orionis 

Orionis 

H.\RTM\NN 

CURTISS 

CURTISS 

.\1J0PTE1I 

.XUTHORITY 

VV.AVE-      NO. 

W  WE- 

l.NT. 

NO. 

p.  E. 

W.WE- 

IXT. 

NO. 

p.  E. 

W  A\E- 

.\  N  U 

LGTH.     ME.^S. 

LI-.N'GTH 

TE.^S 

LENCTH 

ME.'VS 

LENGTH 

1DENTIEIC.\TI0N 

(Il        (2) 

(3) 

(4) 

(0 

(6) 

(7) 

(8) 

(9) 

(10) 

(II) 

(12) 

A 

A 

A 

A 

A 

A 

Assumed    . . 

3889.13 

22.- 

3  ^ 

to. 077 

Hf. 

3933-68 

3.0 

43 

4.0 

27 

3933.825 

K.   Rowland. 

3564.70 

4.2 

7 

0.044 

Helium. 

2.6 

21 

3.5 

12 

:!968.625 

H.  Rowland. 

Assumed    . . 

3970.30 

17.2 

21 

±0.037 

3970.22 

16. 1 

14 

0.029 

3970.18 

He.     Rowland. 

4009 . 50 

3.7 

6 

0.025 

4009.42 

Runge   and    Paschen. 

Assumed    . . 

4026.33 

17.8 

66 

0.015 

4026.34 

13.7 

30 

0.012 

4026.37 

Runge   and   Paschen. 

4069.49        3 

4076.02 

4.3 

12 

0.034 

Oxvgen. 

Assumed    . . 

4089.19 

15-4 

41 

0.032 

4089.08 

14.5 

30 

O.OII 

4089.00 

Si.   Lunt. 

4097.49        5 

4097.56 

6.8 

22 

0.028 

4097.47 

N  or  Si. 

Assumed    . . 

4102.  II 

25-9 

68 

0.018 

4102.01 

25.5 

22 

0.018 

4101.92 

See  text.    HS. 

4116.28      II 

4116.31 

8-4 

47 

0.019 

41 16.31 

II  .0 

30 

0 .  009 

4116.30 

Lunt    and    Hartmann. 

4121.01 

^.1 

8 

0.095 

4120.88 

5-2 

10 

0.048 

4121.02 

Runge  and  Paschen. 

4143-94        2 

4144.07 

5-8 

6 

0.042 

4143-87 

5.8 

21 

0.021 

4143.92 

Runge   and    Paschen. 

4200.42        2 

4200.1; 

4.8 

■^ 

0.058 

4200.28 
4253-81 

3.4 
3.1 

4 
14 

0.084 

o.o:;o 

H5'. 
Sulphur 

4267.42 

3.5 

4 

0.093 

4267.15 

C.   Edcr  and   \  alenta. 

4317.27 

2.6 

5 

Q.I  I 

Oxvgen. 

4319-76 

2.5 

0 

0.091 

O.xygen. 

Assumed    . . 

4340.56 

16.8 

72 

0.012 

4340-65 
4345-78 
4349.85 

18.9 

3.i 

31 
3 
II 

0.020 
0.18 
0.071 

4340.63 

H7.     Rowland. 

Oxygen. 

Oxygen. 

Assumed    . . 

4388.06 

7-0 

tI 

o.o.:8 

4388.04 

6.7 

29 

0.023 

4388.10 

Runge   and    Paschen. 

.\ssumed    . . 

4471.61 

II. 8 

72 

0.015 

4471-68 

10.7 

31 

0.013 

4471.68 

Runge   and    Paschen. 

Assumed    .  . 

4481.38 

2.3 

6 

0.052 

4481.40 

Mg.     Frost. 

4541 . ;8        2 

4541 -72 

S-3 

14 

0.040 

4542.02 

3.2 

6 

0.090 

H-/. 

4552.76 

2t 

0.02s 

4552.76 

Si.     Albrecht. 

4567.94 

3.8 

21 

0.038 

4507.97 

Si.     Albrecht. 

4574-74 

2.6 

7 

0 .  036 

4574.92 

Si.     .Albrecht. 

4638.48 

2.2 

6 

0.15 

Blend. 

4641.87 

6.8 

12 

0.  II 

Oxvgen. 

4647.90 

7-0 

II 

0.12 

4647.74 

9-9 

19 

0.042 

First    Component. 

4649.68      16 

4649.56 

26.1 

61 

0.038 

4649.42 

28.3 

30 

0.015 

Blend. 

4650-93 

9-2 

II 

0. 10 

4650.63 
4661 .72 

12. 1 
2.8 

19 

0.040 
o.iS 

Second   Component. 
Oxygen. 

4686.20      10 

46S6.14 

7-4 

41 

0.041 

4686.01 

4.6 

10 

0 .  075 

4686.00 

Hydrogen. 

4713-36 

7-0 

31 

0.039 

4713.32 

6.8 

26 

0.031 

4713.31 

Runge   and    Paschen. 

.\ssumed    . . 

4861 . >0 

16.2 

46 

0.024 

4861.^1 

13.9 

26 

0.046 

4861.53 

H|3.      Rowland. 

Assumed    . . 

4922.10 

7-7 

7 

ito.097 

4922.10 

8.7 

15 

±0.048 

4922.10 

Runge    and    Paschen. 

XoTE.— The  probable  errors  in  columns  6  and  10  of  Table  I  are  based  on  the  agreement  of  the  wave-lengths 
deduced  from  the  several  plates.  These  probable  errors  do  not  include  the  systematic  uncertainties  (of  the 
order  of  one  or  two  hundredths  of  an  .\ngstrom)  afifecting  the  determination  of  wave-lengths  by  the  corrected 
Hartmann  interpolation  curve. 
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In  view  of  presence  of  effects  in  the  lij^ht 
curve  due  the  light  of  the  "companion"  of  8  On- 
onis, it  would  seem  that  ITartmann's  statement 
with  reference  to  the  absence  of  effects  due  to 
lines  of  the  second  com])onent  might  well  be  re- 
considered. Accordingly,  during  my  own  meas- 
ures, I  have  watched  carefully  for  the  lines  of 
this  second  component,  but  with  uncertain  suc- 
cess. At  phases  near  velocity  minimum  I  have 
measured  on  four  of  my  philes  close  lines  of  in- 
tensity "3"  on  the  edge  of  longer  wave-length  of 
some  of  the  stronger  lines  in  seven  cases,  giving 
a  mean  value  of  +  /O  km.  Whereas  it  is  possi- 
ble that  these  satellites  belong  to  the  first  com- 
ponent, velocities  consistent  with  the  other  lines 
are  obtained  by  considering  that  they  do  not. 
If  these  satellites  are  due  to  a  second  component, 
this  would  indicate  that  the  mass  of  this  body  is 
about  1.8  that  of  the  primary  and  we  would  ex- 
pect to  find  similar  lines  in  a  position  correspond- 
ing to  a  negative  displacement  of  about  40  km., 
at  the  phase  of  the  velocity  maximum  of  the  pri- 
mary- :  and  at  this  phase  there  are  five  or  six 
lines  on  four  or  five  plates  which  might  be  as- 
cribed to  this  second  component.  But  obviously 
the  evidence  here  is  very  weak.  If  the  lines  of 
the  second  component  are  strong  enough  to  be 
seen  it  is  possible  that  they  are  always  hopelessly 
blended  with  the  lines  of  the  principal  star.  It 
is  possible  that  some  of  the  "structure"  observed 
in  the  lines  of  8  Orionis  is  attributable  to  the 
lines  of  the  second  component  as  well  as  to  the 
causes  suggested  by  Hartmann  ;  and  also  the  pos- 
sibility remains  that  anomalous  dispersion  plays 
a  part  here  as  suggested  by  Julius. 

The  structure  of  the  lines  in  S  Orionis"  spec- 
trum presents  an  interesting  but  difficult  prob- 
lem. In  the  case  of  A  4089  the  variations  of  the 
line  are  .so  complex  that  I  have  not  used  it  in 
velocity  determination,  though  in  t  Orionis  the 
same  line  yields  satisfactory  results.  On  all  the 
lines,  my  studies,  like  those  of  Hartmann.  have 
brought  out  little  evidence  of  relation  between 
phase  and  .structure  change  of  lines. 

One  peculiarity,  frequently  observed  in  the 
lines  of  this  spectrum,  is  an  asymmetry  due  to 
greater  diffuseness  of  one  edge.  It  will  be  re- 
membered that  Schlesinger  found  that  these 
shadings  in  the  lines  of  the  spectrum  of  A  Tauri 


were  always  toward  the  normal  position  of  these 
lines.  For  three  of  the  lines  ( Hy,  A  4471  and 
H/?)  in  the  spectrum  of  8  Orionis,  the  writer 
finds  100  cases  of  symmetry,  26  cases  with  shad- 
ings toward  the  normal  positions  of  the  lines  and 
14  cases  with  shading  away  from  it.  Close  ab- 
sorption was  observed  more  frequently  on  the 
side  toward  the  normal  position  of  the  line,  than 
on  the  far  side,  luit  this  effect  in  8  Orionis  is  not 
pronounced. 

On  three  spectrograms  of  the  visual  region  of 
the  spectrum  of  8  Orionis  the  writer  has  meas- 
ured the  better  lines  for  approximate  w'ave-length 
determination  and  has  estimated  the  intensities 
of  these  lines  on  the  scale  u.sed  in  Table  I.  The 
results  compared  with  those  for  c  Orionis  are 
given  in  Table  II.  In  the  case  of  the  identified 
lines  the  wave-lengths  in  this  table  were  assumed. 
The  relative  weakness  of  H/3'  in  e  Orionis  was 
not  unexpected  but  that  of  Ha  had  not  been  an- 
ticipated. Possibly  the  emission  seen  clearly  at 
the  edges  of  the  Hy  and  H/3  lines  has  increased 
in  this  region  at  the  expense  of  the  enclosed  ab- 
sorption. In  view  of  the  faintness  of  K  in  8 
Orionis.  the  absence  of  measurable  impressions 
of  the  D  lines  of  sodium  is  not  unexpected. 

TABLE  II.     W.WE-LEXGTHS  IX  THE  VISUAL 


REGIOX. 

5  Orionis 

c  Orio 

X)S 

X 

1ST. 

X          I 

.\T. 

IDEXTIFIC.\TIO.V 

4862 

16 

4862 

14 

H/3.     Hydrogen. 

5016 

5 

r,0l6 

8 

Helium. 

.^414 

s 

H)3'.    Hydrogen. 

5448 

6 

.=^6.S3 

5 

5876 

12 

5876 

12 

D3.     Helium. 

58QO 

3 

D2.     Sodium. 

5896 

3 

Di.     Sodium. 

6086 

7 

6P.7-, 

15 

6275 

10 

6-'8o 

7 

6328 

6 

6563 


6.^63 


Ha.     Hydrogen. 


FORMER    R,\DI.\L    VELOCITIES. 


The  earliest  known  velocities  of  8  Orionis 
were  determined  by  \'ogel  and  Scheiner  from 
four  plates  made  in  the  years  1888  to  1891.  Be- 
cause of  the  historic  value  of  these  observations 
they  are  given  in  the  accompanying  table.    The 
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first  measures  show  no  evidence  of  variation,  but 
the  revised  measures,  made  by  Vogel  ten  years 
later  v,-ith  a  knowledge  of  the  established  varia- 
tion, are  not  inconsistent  with  later  results.  These 
early  velocities  were  determined  entirely  from 
the  Hy  line,  across  which  fell  the  artificial  line 
of  the  same  element,  making  accurate  measures 
exceedinglv  difficult. 

TABLE  III.  F.ARI.Y  POTSDAM  OBSERVATIOXS. 

D-\Tlv       GR.  M.T.   FIRST  VEL. 


iS88    Dec.  10.37  — 3  km. 

i88g    Jan.  5.34  ±0 

1891    Feb.  26.26  ■)-  2 

27.26  +4 


REVISED  VEL.     RESIDUAL 

—   9  km.  +  10  km. 

+    4  -24 

-55  -   6 

+  13  —35 


The  velocity  vari-^tion  of  8  Orionis  was  dis- 
covered by  j\l.  Deslandres  from  eleven  spectro- 
grams made  in  December,  1899,  and  the  follow- 
ing month,  with  a  new  spectrograph  attached  to 
the  62  cm.  refractor  of  the  observatory  at  j\Ieu- 
don.  From  these  eleven  observations,  Deslan- 
dres derived  a  period  of  1.92  days  and  concluded 
that  the  orbit  was  highly  eccentric. 

After  the  publication  of  Deslandres'  discovery, 
which  was  communicated  to  the  Paris  Academy 
on  February  12,  1900,  confirmatory  observations 
were  made  at  once  at  Potsdam  and,  in  the  fol- 
lowing season,  by  ^^'right  at  the  Lick  Observa- 
tory. T5ut  the  velocity  variation  observed  at 
Potsdam  did  not  conform  to  Deslandres'  period 
and  since  a  fuller  investigation  seemed  desirable, 
partly  perhaps  because  of  the  lack  of  variation 
in  the  early  Potsdam  velocities,  a  set  of  thirty- 
seven  one-prism  spectrograms  was  made  by 
Hartmann  with  the  Potsdam  80  cm.  refractor  in 
the  winter  months  of  190T-2  and  1902-3.  The 
dates  of  these  observations  and  the  correspond- 
ing velocities  will  be  found  in  Table  I\'  of  this 
paper. 

TABLE  IV      HARTMAXX'S   POTSDAM   OBSER- 
X'ATIONS.    (Spectrograph  I.) 


DATE 

CR.  M.  T. 

PHASE 

VELOCITY 

RESIDUAL 

WT. 

D.\YS 

KM. 

K  M . 

I9OI 

Xov.    23.421 

0.836 

+     63.5 

+    4-0 

I.O 

1902 

Jan.      13.305 

0.128 

—     3-3 

-)-I2.8 

0-7 

.399 

0.222 

+     6.1 

-1-  13-0 

0-5 

14-356 

I.  178 

-^    92-2 

—   6.0 

0.4 

.441 

. I .263 

-f  110.5 

+   5-0 

0.7 

GR, 

.  11,  T. 

PHASE 

VELOCITY 

RESIDUAL 

\VT. 

DAYS 

KM. 

1 

KM. 

16.357 

3-179 

J_ 

27.0 

+ 

4-4 

1.0 

Feb. 

4-424 

5.049 

— 

65.0 

— 

1.2 

1.0 

10.368 

5-260 

— 

45-1 

+ 

11.8 

1.0 

11.256 

0.416 

-i- 

17.8 

+ 

4-8 

1  .0 

12.240 

1.400 

+ 

124-9 

_l- 

8-7 

0.4 

13.224 

2.384 

-i- 

107.1 

+ 

1.8 

1.0 

14.226 

3.386 

+ 

3-9 

+ 

2.0 

1.0 

15-196 

4-356 

— 

63.0 

— 

1.8 

I  .0 

i6.2og 

5.369 

— 

52-3 

— 

0.8 

1.0 

Mar. 

5-264 

5.227 

— 

59-6 

— 

1.6 

0-7 

6.226 

0-457 

+ 

27-3 

+ 

8.7 

1.0 

11-305 

5.. ^35 

— 

43-5 

— 

2-5 

1.0 

12.235 

0.733 

_)- 

45-4 

— 

4.5 

1.0 

13-232 

1.730 

-i_ 

128.4 

— 

2.0 

1.0 

14-238 

2.736 

4- 

68.7 

— 

3-0 

0.7 

Apr. 

2.259 

4-559 

— 

79-5 

— 

13-0 

1.0 

2-307 

4.607 

— 

60.0 

-t- 

7-3 

1.0 

9-295 

0.131 

— 

30.0 

— 

14-5 

0.7 

10.282 

1. 117 

+ 

81.2 

— 

9-6 

I  .0 

Dec. 

11.385 

5.456 

— 

49-3 

— 

3-0 

1.0 

12.370 

0.709 

+ 

47.2 

+ 

0-3 

1  .0 

13-367 

1.706 

4^ 

128.7 

— 

1 .2 

1.0 

14-459 

2.798 

+ 

56.1 

— 

8.6 

1.0 

Jan. 

9-339 

0.016 

— 

32.7 

— 

8.0 

0-7 

12.391 

3-067 

-f- 

38.2 

-{- 

2.9 

0-7 

13-342 

4.018 

— 

46.4 

— 

1-4 

1.0 

14.320 

4.996 

— 

69-3 

— 

4-1 

1 .0 

17-355 

2.299 

_u 

127.1 

4- 

14-3 

0.5 

Feb. 

7-369 

0.383 

0.0 

— 

10. 0 

1.0 

Mar. 

7 .  22S 

5-312 

— 

.54-9 

— 

1.0 

0-5 

12.244 

4-595 

— 

61.2 

+ 

6.2 

0.5 

15.256 

1.875 

-J- 

135-4 

+ 

5-0 

1.0 

Hartmann's  memorable  discussion  of  these 
observations  is  found  in  the  Astropliysical  Jour- 
thai,  Volume  19,  pp.  268  to  285.  On  the  basis  of 
his  own  and  the  earl}  revised  Totsdim  measures 
he  deduces  an  apparent  period  of  5.7325  ± 
0.0002  days  for  the  velocity  oscillation  and 
through  a  preliminary  reduction  derives  the  re- 
maining orbital  elements: 

r  =  0.10334. 
"==339°  18'.  9. 
T  —  1902,  Feb.  12.3s, 
K  =  100.8  km., 
a  sin  I  =  7,906,600  k.m., 
nil'  sin'i'/(»ii  -|-  "()"  "  0.601O. 

( )n  the  basis  of  the  latter  quantity  he  consid- 
ers that  the  total  mass  of  the  system  is  certainly 
greater  than  the  solar  mass,  and  probably  of  the 
order  of  from  five  to  ten  times  the  solar  mass. 

Possiblv    the    most    interesting    result    in    his 
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paper  is  found  in  tiie  statement,  "...  the  cal- 
cium line  at  A  3<)34  docs  not  share  in  the  periodic 
displacements  of  the  lines,  caused  by  the  orbital 
motion  of  the  star."  This  discovery  has  raised 
a  problem  which,  notwithstanding  much  well  di- 
rected research,  does  not  appear  to  be  fully 
solved.  Hartn^ann's  ingenious  explanation  for 
this  remarkable  observation  is  found  in  "... 
the  assumption  that,  at  some  point  in  space  in  the 
line  of  siglit  between  the  sun  and  S  Orionis,  there 
is  a  cloud  which  produces  this  (K)  aljsorption." 
The  importance  of  Hartmann's  observations  of 
8  Orionis,  especially  in  connection  with  the  Ann 
Arbor  velocities,  is  such  that  a  least  square  solu- 
tion has  been  made  in  connection  with  the  reduc- 
tions of  the  present  paper;  and  as  a  preliminarj^ 
step  normal  places  have  been  formed  in  Table  V. 
It  is  not  stated  whether  the  times  of  obsers'ation 
have  been  reduced  to  the  sun  but  the  correction 
involved  may  be  omitted  here.  The  phases  have 
been  computed  on  the  basis  of  a  preliminar}- 
f)eriod,  P  =  5.73248  ±  0.000,022  days,  determin- 
ed by  a  combination  of  Potsdam  and  Ann  Arbor 
observations.  The  epoch  adopted  is  1900,  Feb. 
24.  2800,  G.  M.  T.  The  hundredth  of  a  kilom- 
eter occurring  in  this  table  is,  of  course,  of  little 
significance  except  as  a  check  upon  the  computa- 
tions. In  forming  the  normal  places,  it  was  nec- 
essarj'  to  adopt  a  system  of  weighting  for  the 
individual  plates.  This  raised  some  interesting 
questions  which  may  now  be  discussed. 


Weights  Based  o.\  Me.\n  Errors. 


T.\BLE  V, 


XORMAL  PLACES   (HARTMAXX'S 
OBSERVATIONS). 


Weights  B  \sed  ox  Xuniber  of  Lines  Measured. 


xo. 

PHASE 

velocity 

RESIDUAL 

\VT. 

DAYS 

KM. 

KM. 

I 

0.132 

—    II-4 

-f  2.0 

1. 000 

2 

0.421 

+    15-3 

-f  0.6 

0.714 

3 

0.758 

-V    54.4 

+  2.9 

0.643 

4 

1.206 

—   97-1 

—  1-7 

0.964 

5 

1.770 

-I-131.0 

—  0.5 

0.679 

6 

2.332 

-f  118.8 

-f5-0 

0.536 

7 

2.766 

+   63.5 

—  7-1 

0.500 

8 

3-ipo 

-    23-6 

-f-  2.0 

0.714 

9 

4-i;7 

—   55-2 

+  1-3 

0.464 

[0 

4.58.S 

—   66.2 

+  i-i 

0.821 

[I 

5.022 

-   66.5 

—  3-0 

0.393 

[2 

5.266 

-   53-8 

+  0.7 

0.821 

13 

5-453 

-  48-4 

—  3-9 

0.750 

•>o. 

PHASE 

VELOCITY 

RESIDUAL 

WT. 

DAYS 

KM. 

KM. 

1 

O.II7 

—     16.78 

—  0.19 

0.9 

2 

0.419 

-i-     14-98 

4- 1.40 

I.O 

3 

0.759 

-1-     52.06 

4-0.02 

I.O 

4 

1. 215 

+     98.83 

—  2.10 

0.8 

5 

1.7-0 

4-131.28 

+  0.35 

I.O 

6 

2.355 

■j-  114.02 

+  5-74 

0.5 

7 

2.772 

4-     61.29 

—  6.64 

0.6 

8 

3-227 

4-  20.97 

+  2.38 

0.9 

9 

4.187 

—  55-67 

—  0.30 

0.7 

10 

4 -.586 

—  68.09 

—  0.68 

0.8 

11 

5-022 

—  67.25 

-2.36 

0.7 

12 

5.261 

—  51-99 

+  4-73 

0.7 

'3 

5-453 

-  48-55 

-1.89 

I.O 

The  weighting  of  velocities  obtained  from 
plates  containing  stellar  spectrum  lines  relatively 
few  in  number  and  differing  widely  in  quality, 
is  always  attended  with  difficulties.  In  connec- 
tion with  his  own  observations  of  8  Orionis  the 
author  has  adopted  a  system,  described  below, 
which  seems  to  him  satisfactory  in  determining 
the  probable  worth  of  a  plate.  But  for  the  re- 
duction of  observations  published  by  others  the 
data  are  usually  not  available  for  the  use  of  this 
system. 

Ilartmann  has  published  for  each  velocity  of 
8  Orionis  the  number  of  lines  measured  and  the 
mean  error  deduced  presumably  from  the  inter- 
nal residuals  of  the  lines  on  each  plate.  In  gen- 
eral it  would  seem  reasonable  to  assume  that  the 
weight  to  be  assigned  the  velocity  deduced  from 
one  plate,  of  a  number  of  the  same  star,  should 
increase  with  the  number  of  lines  measured,  in 
which  case  we  should  expect  the  mean  error  of 
the  velocity  derived  from  a  plate  to  decrease 
with  an  increase  in  the  number  of  lines  used — 
though  in  no  simple  relation  since  in  a  velocity 
based  on  measures  of  more  than  the  average 
number  of  lines  available  on  plates  of  a  given 
star,  more  than  the  usual  proportion  of  poor 
lines  are  frequently  included.  Referring  to  the 
observations  here  considered  we  find  that  the 
mean  errors  do  not  stand  in  the  expected  rela- 
tion to  the  number  of  lines.  The  average  num- 
ber of  lines  measured  on  each  of  the  plates  is  al- 
most exactly  seven.  And  the  average  mean  error 
for  the  whole  set  of  plates  is  ±  5.6  km.    For  the 
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eleven  plates  having  from  eight  to  ten  measur- 
able lines  the  average  mean  error  is  ±  6.5  km. : 
and  for  the  sixteen  plates  having  from  two  to 
six  measurable  lines  the  average  mean  error  is 
±  5.5  km.  Referring  also  to  the  residuals  for 
these  plates  from  Hartmann's  velocity  curve  we 
find  that  the  mean  absolute  residual  for  the  plates 
containing  more  than  seven  lines  is  6.5  km.,  while 
that  for  the  plates  containing  less  than  seven 
lines  is  3.9  km.  It  is  possible  that  the  lines  added 
in  making  up  the  larger  total  of  any  plate  re- 
ceived too  much  weight  in  the  mean.  It  seems 
probable,  however,  that  certain  lines,  for  which 
the  assumed  wave-lengths  yielded  velocities  more 
discordant  than  the  average,  were  usually  includ- 
ed in  the  measures  of  plates  having  the  greater 
numbers  of  lines  available. 

If  this  be  the  case  it  would  seem  that  the 
measures  based  on  a  greater  number  of  lines  per 
plate  may  be  of  greater  value  as  yielding  abso- 
lute velocities  under  these  circumstances,  where- 
as the  velocities  from  plates  on  which  lines  equal 
to  or  somewhat  less  than  the  average  in  number 
are  measured,  possess  greater  relative  accuracy. 
Accordingly  plates  of  this  latter  class  should  re- 
ceive the  greater  weight  in  connection  with  orbit- 
al determination,  unless  the  necessary  steps  have 
been  taken  to  reduce  all  wave-lengths  used  to  a 
homogeneous  s}'stem. 

Obviously  it  would  be  unsafe  to  make  the 
weight  of  each  plate  inversely  proportional  to 
the  square  of  its  mean  error.  It  has  seemed  bet- 
ter to  divide  the  plates  into  groups  according  to 
the  number  of  lines  measured,  to  derive  the  aver- 
age mean  error  of  each  group,  to  plot  these  aver- 
age mean  errors  with  number  of  lines  measured 
as  abscissae,  and  to  take  from  a  smooth  curve, 
drawn  through  such  plotted  points,  the  mean 
error,  corresponding  to  the  number  of  lines 
measured  on  any  plate,  as  the  best  mean 
error  for  that  plate.  The  mean  errors  and 
weights  thus  derived  are  given  in  the  following 
table.  The  curve  of  mean  errors  here  derived  is 
quite  similar  to  though  flatter  than  the  corre- 
sponding curve  of  average  residuals  based  upon 
Hartmann's  orbital  elements. 


TABLE  Va.    DERIVATION 

OF  WEIGHTS. 

Me  AX 

Error 

AVER.^CE 

FROM 

so.  LINES 

COMPUTED 
K.M. 

CL'RV.'; 
KM. 

WEIGHT 

NO.  PLATES 

10 

±8.4 

^8 

0.4 

I 

g 

6.9 

7 

0.5 

4 

s 

6.1 

6 

0.7 

6 

7 

4-5 

.=; 

I.O 

10 

6 

5-4 

? 

I  .0 

13 

5 

3-S 

5 

1.0 

I 

4 

6 

0.8 

0 

3 

4-7 

6 

0.7 

I 

2 

9-5 

8 

0.4 

I 

.\  practice  solution  of  the  observations  of  Ta- 
ble I\'  using  weights  directly  proportional  to  the 
numbers  of  lines  was  carried  out  by  Messrs.  W. 
C.  Rufus  and  L.  M.  Coffin  at  this  observatory. 
Since  these  elements  resulting  from  this  solution 
are  of  interest  in  connection  with  the  quantities 
deduced  with  modified  weights,  the  details  of  the 
work  may  be  briefly  given. 

The  data  of  the  normal  places  are  given  in 
columns  2  to  5  of  Table  \'.  The  preliminary 
elements  were  computed  l)\-  the  forty-five  degree 
chordal  method. 

Preliminary  Elements 

P  =  5.73-'4Sdays, 
('  =  0 .  095, 
"  =  347°  41'. 
7' =1902,  Feb.   12.50S, 
K  =;  IOC. 0  km., 
7^4-  23.22  km. 

The  results  of  the  le'ist  square  solution  follow. 
Though  the  maximum  difference  between  final 
velocities  computed  with  elements  and  from 
equations  was  somewhat  large  (0.46  km.)  a 
second  solution  would  yield  unimportant  changes. 
By  this  solution,  the  sum  of  the  weighted  squares 
of  the  residuals  for  the  normal  places  was  re- 
duced from   1165  to  753. 

Elements  (Weights  Based  on  X  umber  or  Lines) 
P  =  5.73248  ±  0.000,022  days  (assumed), 
e  =  0.095  —  0.009, 
w  =  3°  41' ±6°. 5, 
T  —  1902.  Feb.  12.742,  ±  o.  102  days, 
K  =  99.98  km., 
7  =  4- 22. So  km.. 
a  sin  1  =  7,847,00  km., 
mi'  i'm'  i/(iiii  -\-  III)'  =  0.587  O- 
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The  probable  errors  of  Ihc  clenieiUs  here  arc 
derived  from  the  residuals  for  the  normal  places. 
In  this  case  these  probable  errors  would  be  about 
fifteen  per  cent  larger  if  based  on  llic  in<liviilual 
plate  residuals. 

In  tiic  second  least  sipiarc  solution  of  Ilart- 
mann's  observations,  which  was  made  by  the 
writer,  the  plate  velocities  were  weigrhted  as  in 
column  6  of  Table  I\'  on  the  basis  of  Table  V'a. 
The  data  for  the  normal  ])laces  are  contained  in 
columns  six  to  nine  of  Table  \'.  The  weights 
in  column  nine  are  directly  proportional  to  the 
stun  of  the  wcig:hts  of  the  plates  combined  into 
any  normal  place.  E.xcept  for  the  change  of 
weights,  the  data  are  used  as  in  the  first  solution. 

Assuming  as  preliminary  the  elements  result- 
ing from  the  first  solution,  and  employing  Schle- 
singer's  adaptation  of  the  fornnilae  of  Lehmann- 
Filhes,  the  normal  equations  become 

4- 10.60  r 

—  1.836K  — 2.498T  -1- 4. 857 e— 1.913^  +  8.11  =0 

-+5.14       -i- 0.805     — 0.298    +0.540    — 2.74  =  0 

+  5-459      — 1-457    +4-465    —2.20  =  0 

+  3.420    —1. 134    +3-53  =  0 

+  3-67-    —1.14  =  0 

The  values  of  the  unknowns  are  found  to  be 


r  =  — 0.563, 


:  — 0.241,  IT  =  4-  19.84, 
-'-0.237,    T  =  — 23.95- 


From  these  the  final  elements  resulted : 

FIN.\L    ELEME.N'TS.   S   omONIS    (POXSD.AM )  . 

P  ^  5.73248  ±  0.000.022  days  (assumed), 
c  =  0.0939  —  o.ocSg, 
"  =  352°-3  ±  6°.9, 

T  =  1902.  Feb.  12.562  ±  o.  108  days, 
A.'  =  99.76  ±  1. 06 km., 
7  ^  +  22. 14  km., 
o  sin  i  =  7.829,000  km.. 
Ill'  siir  i/(  »h  +  )/i )-  =  o.  583  O- 

By  this  solution  the  sum  of  the  weighted 
squares  of  the  residuals  for  the  normal  places 
was  reduced  from  922  to  772.  The  probable 
error  of  a  norninl  place  of  weight  one  proves  to 
be  ±:  2.10  km.  and  that  of  the  w^eakest  normal 
place,  ±  3.0  km.  In  view  of  the  magnitude  of 
these  quantities,  the  discrepancies  due  to  the  re- 
jection of  second  order  terms  in  the  least  square 
solution,  amovmting  in  the  maximum  to  0.28  km., 
and  averaging  0.12  km.,  indicates  that  a  repeti- 


tion of  the  solution  would  lead  to  no  im])ortant 
changes. 

The  cun'e  corresponding  to  these  elements  is 
siiown  as  a  full  line  in  the  upper  figure  of  Plate 
XX.  Residuals  scaled  approximately  from  this 
curve  for  the  several  plates  are  given  in  the 
fourth  column  of  Table  I\'.  On  the  basis  of 
these  residuals  the  probable  error  of  a  plate  of 
weight  one  is  ±  4.5  km.,  and  for  a  plate  of  aver- 
age weight,  i:  4.9  km.  The  value  of  this  latter 
quantity  corresponding  to  ITartmann's  elements 
was  ±  5.1  km. 

For  comparison  with  the  new  value  of  the 
velocity  of  the  sy.stem,  we  may  quote  Hartmann's 
velocity  from  the  fixed  K  line  of  calcium:  +  16 
±  1.2  km.  Though  the  wave-length  upon  which 
this  velocity  was  based  is  not  given  it  was  pre- 
sumably very  close  to  the  value  due  to  Rowland. 

Comparing  the  two  sets  of  elements  based  on 
two  systems  of  weights  it  will  be  seen  that  the 
differences  are  not  greater  than  we  might  ex- 
pect, in  view  of  the  probable  errors,  from  two 
different  .sets  of  obsen-ations.  It  is  interesting 
to  note  that  such  differences  may  arise  between 
the  results  of  two  solutions  of  the  same  observa- 
tions each  based  on  a  system  of  weights  which 
any  computer  might  adopt.  Apparently  the  ques- 
tion of  weights  is  one  to  which  the  computer 
should  give  close  attention.  In  connection  with 
the  Ann  Arbor  observations  this  point  will  be 
further  discussed. 

THE    ANN    ARBOR    RADIAL    VELOCITIES. 

The  observations  of  the  spectrum  of  8  Orionis 
made  at  the  Detroit  Observatory  include  seventy- 
four  measurable  spectrograms  all  of  which  were 
made  with  a  single  prism  spectroscope  attached 
to  the  XiV^"  Reflector.  For  a  detailed  descrip- 
tion of  these  instruments  the  reader  is  referred 
to  earlier  papers  in  this  volume.  \\'ith  a  few  ex- 
ceptions the  spectrograms  were  made  upon  lan- 
tern slide  plates  with  average  exposures  of  8  to 
10  minutes.  For  the  study  of  the  K  line  more 
especially,  the  fine  grained  plates  were  well  nigh 
indispensable.  Four  plates  were  sensitized  in 
the  visual  region. 

The  pertinent  data  in  connection  with  these 
observations  are  found  in  Table  VI.  The  phases, 
which    were    first    computed    with    the    period. 
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Plate  XX.     Velocity  Curves  of  8  Orionis. 
Observations  op  Upper  Curve  by  Hartmann.     1901-1903. 
Lower  Curve  by  Curtiss.        1912-1914. 


5.73248  days,  are  based  on  the  epoch,  1913,  Sept. 
11.410.  The  small  corrections  necessary  to  re- 
duce these  phases  to  the  sun  and  to  correct  for 
the  final  period  have  been  applied. 

Thirteen  lines,  indicated  in  Table  I,  were  USed 


to  determine  absolute  velocities  from  the  plates 
of  8  Orionis  and  three  additional  lines,  A.'s  4200, 
4541,  and  4650,  were  used  to  improve  the  relative 

values  of  the  velocities.  In  determining  the  ve- 
locities of  column  seven  of  Table  \'l.  the  wave- 
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.NO.  OF 

OSCILLATING  LINES 

K   LINE 

H    LI.NE 

l'L.\TE 

OBSERVER 

DATE. 

C.  M.  T. 

PHAsr. 

.NO. 

WT. 

VEL. 

RESID. 

VEL.             WT 

VF.L.           WT. 

(I) 

(2) 

(3) 

(4) 

5) 

(6) 

(7) 

(8) 

(9)           (10) 

(II)        (12) 

012 

a 

cl 

km. 

km. 

km. 

km. 

^2^ 

Curtiss 

Mar. 

12.602 

2.507 

9 

12 

+   87.0 

-   6.5 

324 

Curtiss 

12. 608 

2.513 

8 

12 

+   86.2 

—    5.6 

l.«4 

Mellor 

Nov. 

29.878 

1.096 

9 

10 

+   88.8 

+   0.1 

+  12               3 

1525 

Mellor 

29.884 

1.102 

8 

II 

+   00-7 

+    1-2 

-hM          2 

+  16        I 

1535 

Curtiss 

.30.735 

1-953 

7 

6 

+  129-9 

•+-   0.0 

+  iS          I 

J5.W 

Curtiss 

Dec. 

^13 

Jan. 

14.777 

4.530 

4 

3 

-   74-6 

-   4-8 

1578 

Curtiss 

•2.763 

4-852 

- 

8 

-   67.7 

+   2.5 

+  23          1 

1583 

Mellor 

24.672 

5-296 

8 

10 

—   67-5 

—  II. 3 

4-    7           2 

+  23        i  ■ ' 

1584 

Mellor 

24.696 

5-320 

7 

9 

—   62.8 

—   7-S 

5596 

Mellor 

28.687 

3-578 

5 

—   20.6 

—  0.1 

1597 

Mellor 

28.699 

3-590 

- 

6 

—    15-5 

+    7.0 

1604 

Curtiss 

Pel). 

8.667 

3-095 

7 

9 

+    33-0 

+   5-6 

±  0         "Vz 

1605 

Curtiss 

8.687 

3-n4 

7 

8 

+   31-9 

+   6.0 

=     0              2 

+   2        I 

1618 

Mellor 

17.678 

0.638 

7 

y 

+    30-3 

—   8.0 

1619 

Mellor 

l7.fKS9 

0.649 

5 

6 

+   44-0 

+   4.5 

+  16        i  ' 

1654 

Curtiss 

Apr. 

6.610 

2.706 

4 

4 

+   60.0 

—  10.2 

2325 

Mellor 

Sept. 

22.887 

0.013 

9 

7 

—   28.0 

—   3-3 

+  ii          I 

2349 

Mellor 

Oct. 

3-889 

5-283 

10 

12 

—   64.7 

—   7-9 

■A-    7            l'.^ 

2350 

Mellor 

3-895 

5-289 

- 

9 

—    51.2 

+  ■5.3 

+    5          I 

2370 

Curtiss 

9-815 

5-477 

6 

8 

—   36.8 

+   9-0 

+    6          I 

-r  18         % 

237 1 

Curtiss 

9.835 

5-497 

6 

10 

—   37-0 

-4-    7.6 

+  19          I 

2407 

Curtiss 

2t.8oO 

4-265 

7 

6 

—   60.1 

+    3-4 

+  15          I 

+  15        iji 

2408 

Curtiss 

25.818 

4-283 

9 

9 

—   67.2 

—   3-0 

+  19          ' 

2420 

Curtiss 

Nov. 

1.776 

5-510 

7 

8 

-   52.8 

-   8.7 

+  12          2 

+  '5        i" 

2421 

Curtiss 

1. 80s 

5-539 

9 

8 

—   42.4 

—   0.2 

+  12          I 

-1-16       2 

2462 

Mellor 

Dec. 

3.794 

3.133 

II 

10 

+    30.1 

+   6.2 

2463 

Mellor 

3.815 

3-154 

9 

7 

+   25.9 

+   4.4 

2466 

Curtiss 

4.818 

4-i=;8 

8 

8 

—   50.4 

+   8.3 

+  '8          2" 

+  24        i^ 

2467 

Curtiss 

4.844 

4-184 

8 

6 

-   65.3 

—    5-2 

+  13          2 

2478 

Mellor 

8.819 

2.427 

7 

6 

-i-  102.9 

+  0.4 

+  29       "Vt 

2479 

Mellor 

10.715 

4-323 

6 

6 

—   70.1 

—   5-0 

-4-17          2 

2480 

Mellor 

10.729 

4-3.37 

10 

8 

-   69.5 

—   4-0 

+  10          2 

24QI 

Curtiss 

13-792 

1.668 

9 

9 

+  132.5 

-r    3-4 

+    7           2 

2492 

Curtiss 

13-8.37 

1-713 

9 

0 

+  136.3 

-f   6.3 

2493 

Curtiss 

13-859 

1-735 

6 

5 

+  127.6 

—    1.8 

2494 

Curtiss 

13-892 

1-767 

, 

2 

+  131.7 

-L    0.8 

2498 

Merrill 

14.680 

2-555 

8 

9 

+   86.6 

—   2.4 

^'6          1" 

-i9       "'A 

2512 

Curtiss 

IS. 774 

0.918 

- 

7 

+    73-1 

-+-    4.0 

2£t3 

Curtiss 

18.833 

0.977 

0 

6 

+    87.3 

4-     1.6 

2538 

Mellor 

Tan. 

13.694 

3.907 

9 

8 

—   50.6 

-   4-8 

-i- 12          I 

2539 

Mellor 

13.714 

3  927 

9 

8 

—   S7-3 

—  10.3 

2546 

Mellor 

17.-08 

2.18S 

7 

8 

+  125-I 

-L     6.2 

+  21          I 

-f39         I 

.     2547 

Mellor 

17-728 

2.208 

8 

7 

+ 122.6 

4-   4.8 

+ 12          1 

2560 

Mellor 

Feb. 

4-731 

3.013 

6 

+   46-5 

-i-  9.0 

2.^65 

Curtiss 

5.630 

3-912 

7 

8 

—   44-7 

+  1-8 

—   2          1 

2s66 

Curtiss 

Feb. 

5.657 

3-9.39 

10 

II 

—   48-8 

—  1-4 

-^19         2 

2569 

Curtiss 

7-695 

0.244 

9 

10 

—      4-2 

-!-   0.3 

+  17          I 

2570 

Curtiss 

7-707 

0.256 

13 

12 

+      1-7 

+   4-5 

-^   6          I 

+  i8        "Vz 

2577 

Mellor 

11.6S1 

4-2.30 

8 

8 

—   64.8 

—    2.7 

257S 

Mellor 

11.687 

4-235 

7 

6 

—   60.5 

—    1 .0 
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NO.  or 

0SCII,I,.\TIXG  LINES 

K   LINE 

H    LINE 

PL-\TIC 

OBSER\ER    n.\lE, 

G.  M.  T. 

PHASE 

vo. 

\VT. 

VEL. 

RESID. 

\EL.              WT 

\-EL.          WT. 

(I) 

(2) 

(3) 

(i) 

5) 

(6) 

(7) 

(81 

(9)              (10) 

(II)        (12) 

I9I4 

d 

d 

km. 

km. 

km. 

km. 

2579 

Curtiss 

12.654 

5.202 

8 

9 

—    .54-7 

+    5-6 

2:;8o 

Curtiss 

12.675 

5-223 

8 

9 

-    56-5 

+    3-0 

-■9       'k 

2585 

Curtiss 

19.605 

0.688 

II 

10 

+    40-5 

—   2.2 

+  20      2 

2^88 

Curtiss 

19.642 

0.725 

9 

10 

+    45-2 

—   3-0 

+  12      I 

2589 

Curtiss 

19-654 

0.737 

12 

13 

+    41-5 

—   8.0 

2599 

Mellor 

24.672 

0.023 

7 

8 

—   20.7 

+    4-c 

+  0      I 

260a 

Mellor 

24.679 

0.030 

9 

8 

—   23.9 

+    0,4 

261 1 

Mellor     Mar. 

9.612 

1.496 

8 

7 

+  119-8 

—   0.2 

+  19      2 

2612 

Mellor 

9.621 

1 .  505 

7 

7 

+ 129-9 

+    7-8 

2623 

Mellor 

11.623 

3.507 

9 

9 

—    15.6 

—   0.3 

— 10      I 

2624 

Mellor 

II. 641 

3.525 

8 

10 

—    II-5 

■4-    5.0 

+  21      I 

2641 

Mellor 

16.623 

2.774 

10 

8 

+    66.5 

+    2.6 

2642 

Mellor 

16.631 

2.782 

12 

II 

+    62.5 

—   0.^ 

+  i4          i" 

+  "l         1" 

2649 

Curtiss 

17.571 

3.722 

:o 

II 

—    30.1 

+    1.9 

+  18          I 

2650 

Curtiss 

17.582 

3-733 

10 

9 

-    32-6 

+    0.8 

4-10           ^ 

26--,=. 

Curtiss 

20.569 

0.987 

12 

12 

+    7I-I 

—   6.8 

-4- 15          2 

-     8                 /2 

265> 

Curtiss 

20.599 

1. 017 

10 

10 

+    83.8 

+    3-S 

-f  30        I 

26  qg 

Curtiss 

20.615 

1-033 

10 

9 

+    83.4 

+   0.4 

2664 

Curtiss     Apr. 

5.556 

5-508 

8 

9 

—   33-4 

+  10.3 

+  '8        1" 

2665 

Curtiss 

5.572 

5-524^ 

5 

4 

—    39-4 

+    3-4 

2666 

Curtiss 

5-595 

5 -.547 

10 

10 

—    36.9 

+   2.1 

2670 

Curtiss 

8.576 

2-794 

10 

8 

+    62.1 

—   0.2 

-4-28          2" 

+  32        i" 

2679 

Curtiss 

12.565 

1. 051 

8 

10 

+    78.7 

—  6.2 

-j-  10          I 

2689 

Curtiss 

13.569 

2-055 

10 

10 

+  120.6 

—   5-9 

lengths  were  corrected  by  an  anio.unt  sufficient 
to  reduce  to  zero  the  weighted  mean  of  the  re- 
siduals of  each  line.  These  corrected  wave- 
lengths are  those  of  column  three  of  Table  I. 

During  the  return  measures  weights  were  as- 
signed to  each  line  based  on  the  observer's  judg- 
ment of  its  availability  for  velocity  determination. 
\Mth  these  weights  the  preliminary  velocities  for 
each  plate  were  determined  and  the  wave  length 
correction  was  determined  which  reduced  to  zero 
the  weighted  mean  of  tlie  residuals  for  each  line 
on  all  the  plates.  The  final  residuals  for  all  of 
the  measures  of  any  line  were  then  employed  in 
the  usual  way  to  determine  the  probable  error  of 
a  single  measurement  of  that  line.  The  average 
value  of  the  weights  originally  assigned  to  that 
line  was  then  compared  with  this  probable  error 
and  in  the  cases  of  five  lines  it  was  found  that  the 
assigned  original  weights  had  been  too  high  or 
too  low  by  small  amounts.  On  this  basis  the 
original  weights  were  corrected,  and  with  this 
new  set  of  weights  the  final  velocities  of  column 


seven,  Table  \"I,  were  determined.  The  plate 
weights  in  column  six  are  the  sums  of  the  weights 
of  the  lines  from  which  the  corresponding  veloci- 
ties in  column  7  were  determined. 

The  normal  places  of  Table  ^TI  are  based  di- 
rectly on  the  data  of  Table  \'I,  the  weights,  with 
one  exception,  being  proportional  to  the  sum  of 
the  weights  of  the  plates  entering  into  any  com- 
bination. In  the  case  of  the  seventh  nonual 
place  the  large  residual  at  once  led  to  suspicion, 
especiallv  since  the  agreement  among  the  plates 
included  was  verv'  good.  It  was  recognized  that 
a  possible  explanation  for  the  observed  positive 
displacement  of  the  lines  of  this  normal  place 
might  be  found  in  circumstances  attending  the 
principal  light  minimum  which  occurred  within 
a  few  minutes  of  this  normal  phase.  Though 
the  degree  of  eclipse  is  small  it  was  thought  pos- 
sible that  the  interposition  of  regions  of  the  "at- 
mosphere" of  the  secondar)-  might  produce  the 
displacement  observed.  On  the  other  hand, 
Hartmann  lias  two  observations  near  this  phase 
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which,  thou£;:h  similarly  (lisplaccd,  exhibit  the 
dtcct  ill  a  considerably  smaller  deiiree.  Thouj^^h 
th.e  first  inclination  was  to  omit  this  normal  place 
from  the  least  square  solution  because  of  the  un- 
certainty involved,  in  view  of  conflicting  consid- 
erations, including  the  absence  of  a  clear  case  for 
rejection,  it  was  decided  to  use  the  five  observa- 
tions in  ((uestion  with  half  the  normal  weight. 


TABLE  VII.     NOKi 

M.\F. 

PI,. 

ACES, 

oscirj. 

,.\TIXG 

I.IXF.S 

vo. 

pn.\sK 

LIMITS  CI 

■  P11.\S 

]■: 

vi:i.. 

RESin. 

\VT. 

(n 

(2) 

(3) 

(4) 

(S) 

(6) 

days 

d 

d 

km. 

km. 

I 

0.023 

O.OT 

tn 

0.03 

— 

24-03 

4-0.83 

0.41 

J 

0.250 

0.24 

ti) 

0.26 

— 

0-99 

+  2.87 

0.30 

3 

0.606 

0.63 

to 

0.74 

+ 

40.58 

—  4.20 

0.79 

4 

0.983 

0.91 

to 

1 .02 

-1" 

78.12 

+  0.90 

0.61 

5 

I -073 

1.03 

to 

I .  II 

+ 

85.50 

—  1.29 

0.70 

6 

1.500 

1.49 

to 

1. 51 

+ 

124  84 

f,2.88 

0.23 

7 

1.706 

1.66 

to 

1-77 

-L. 

132.96 

-f  3.24 

0.44 

8 

2. 102 

1-95 

to 

2.21 

A. 

124.92 

+  1.12 

0.54 

9 

2.508 

2.42 

to 

2.56 

+ 

89.01 

-  3.69 

0.67 

10 

2-774 

2.70 

to 

2.80 

4. 

63.09 

—  1.28 

0.56 

II 

3.109 

3.01 

to 

3-16 

-I. 

32-52 

+  6.02 

0.32 

12 

3.543 

3.50 

to 

3.60 

— 

15-39 

-f  2.29 

0.56 

1.? 

3.727 

3-72 

to 

3.74 

— 

31.22 

+  1.86 

0-.^5 

14 

3.922 

3-90 

to 

3-94 

— 

50.26 

—  3  ■  52 

0.61 

'5 

4.202 

4.15 

to 

4-24 

— 

60.03 

-t-i-i5 

0.49 

16 

4-302 

4.26 

to 

4 -.34 

— 

66.87 

—  2.04 

0.49 

17 

4.769 

4-53 

to 

4.86 

— 

70.32 

4  0.58 

0.20 

18 

5 .  270 

5.20 

to 

5-32 

— 

60.01 

—  2.70 

0.98 

19 

5.514 

5 --17 

to 

5-5,=; 

— 

.39.-12 

+  3.85 

1 .00 

From  a  preliminary  solution  these  approximate 
elements  were  adopted ; 


-P  =  5.73248  days. 
e  ^o.ioc. 
w  =  —  0° .  70, 
r  =  1913,  Sept.  13.2203, 
K  ^  101.00  km., 
IV  =  +  30.00  km. 


The  normal  equations  are : 


4-  10.34  r 

1. 461  K     0.858 

-f-  5.156         -1-0.034 

-f5-i84 


'■-l-4-950£  — 0.7147  —  2.07  =  0 

—  0.269    -r- 0.003    — 0.12^0 

—  0.653    +4-484     +0.10  =  0 
-f3.l78    — 0.5:2     —1.55  =  0 

+  3-704    —0.11=0. 


The  values  of  the  corrections  are: 

*f  =  — 0.0031,  Soi  —  — o°.568,  sr  =  — o''.oo84, 
SK  =  -|-  0.018  km.,  5-y  =  -f  o.  19  km., 

and  the  final  elcDients  with  probable  errors  are: 

ri.^.AT,  KUKMENTS,  8  ORIONIS    (ANN  ARHOR) 

P  -■  5-732448  ±  0.000,015  days, 

Epoch,  1908, 
e  =  0.0969  ±  0.00856, 

"  =  358°-73±i°-92, 
T=i9i3,  Sept.  13. 2119  ±  0.0760  days, 
K  =  101.02  ±  0.76  km., 
7  =  +  20.09  km., 
a  sill  i  =  7,926,000  km., 
Ill'  siii'i/(  III,  -f  );i)"  =  0.605  O. 

The  residuals  for  the  normal  places  based  on 
these  elements  are  found  in  the  fifth  column  of 
Table  \TI.  The  difference  between  any  resid- 
ual as  computed  from  the  observation  equations 
and  from  the  final  elements  in  no  case  exceeds 
0.04  km.  From  these  residuals  the  probable  er- 
ror of  a  normal  place  of  weight  one  is  found  to 
be  ±  1.66  km.  The  residuals  for  the  individual 
plates  as  scaled  approximately  from  the  velocity 
curve  are  given  in  the  eighth  column  of  Table 
VI.  On  the  basis  of  these  residuals,  the  probable 
error  of  an  average  plate  is  found  to  be  ±  3.7 
km. 

The  fiird  period  given  above  w-as  obtained  by 
superposition  of  the  Ann  .Arbor  and  Potsdam 
curves,  both  of  which  had  been  computed  with 
the  same  preliminary  \alue  of  the  period,  P  = 
5.73248  days.  This  superposition  showed  that 
the  average  phase  difference  between  the  two 
curves  was  0.023  days  w-hich  is  the  phase  error 
introduced  by  using  the  assumed  period  over  an 
interval  of  1 1  years  and  3  months  or  716  orbital 
periods,  from  1902,  June,  to  1913,  September. 
To  remove  this  phase  error  a  correction  of 
—  0.000,032  days  ±  0.000,015  fl'^ys  tnust  be  ap- 
plied to  the  assumed  period,  the  probable  error 
being  estimated.  A  comparison  of  this  final  ap- 
parent period  with  that  of  Hartmann  for  Epoch, 
1898  ±  fP^;  5.7325  ±  0.000,2  days)  indicates 
that  no  changes  have  been  established  in  this 
quantity  by  observations  covering  twenty-five 
years. 

The  \elocity  curve  corresponding  to  mv  final 
elements  is  drawn  in  the  lower  figure  of  Plate 
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XX.  To  show  at  a  glance  the  chief  differences 
between  the  Potsdam  and  Ann  Arbor  curves, 
part  of  the  latter  is  compared  directly  with  the 
former  in  the  dotted  line  curve  of  the  upper  fig- 
ure. Where  the  dotted  line  is  not  drawn  the  co- 
incidence is  too  close  to  be  shown  in  this  man- 
ner. Thus  it  will  he  seen  that  these  two  curves 
fit  together  with  discrepancies  nowhere  greater 
than  about  2.5  kms.,  which  is  very  nearly  the 
probable  error  of  a  good  normal  place.  Consid- 
ering the  separate  elements  it  is  evident  that  they 
do  not  differ  by  amounts  greater  than  the  uncer- 
tainty of  the  determinations  as  indicated  by  the 
probable  errors.  No  changes  are  indicated  in 
the  orbit  of  this  system. 

If  the  evidence  given  above,  indicating  a  ratio 
of  the  masses  of  1.8,  be  accepted,  the  values  of 
m  shi^i  and  m^  sinH  become  respectively,  0.8 1  and 
1.46  times  that  of  our  sun.  Since  the  bodies  in- 
volved eclipse  each  other  during  their  orbital  rev- 
olution, it  is  probable  that  the  factor,  si)i^i,  is 
greater  than  one-half. 

Whenever  available,  the  H  and  K  lines  have 
been  measured  at  least  once  on  all  of  the  Ann 
Arbor  spectrograms.  The  resulting  velocities 
with  their  weights  are  given  in  the  last  four  col- 
umns of  Table  YI.  Because  of  the  interference 
of  the  close  He  line  only  the  simple  weighted 
mean  of  the  H  line  velocities  has  been  derived. 
This  proves  to  be  -f  17  ±  2  km. 

T.\BLE  \'in.    NORMAL  PL-ACES,  THE  K  LINE. 


LIMITS  OF 

INTENS 

NO. 

PH.\SE 

PH.^SE 

VEL. 

RESIll. 

WT. 

ITV 

(I) 

(2) 

(3^ 

(4) 

(s) 

(6) 

(7) 

days 

d 

d 

km. 

km. 

I 

0.065 

5.6 

to 

0.3 

+  II. 0 

—  I  .=; 

0.5 

2.8 

2 

0.924 

0.6 

to 

1 .1 

-I-I5-3 

-f2.8 

0.6 

3-2 

3 

1 .229 

I.I 

to 

1-5 

+  15-0 

+  2.5 

0.6 

2-3 

4 

1-930 

1.6 

to 

2-3 

-I-13.0 

+0.5 

0-5 

3.3 

5 

2.769 

2-5 

to 

3-2 

-f-16.9 

4-4-4 

0.4 

2-7 

6 

3-265 

3-1 

to 

3-7 

+   7.1 

—  5-4 

0.6 

3-2 

7 

3-864 

3.7 

to 

4.0 

-f  12.9 

-i-0.4 

0.6 

3-5 

8 

4-256 

4.1 

to 

4-4 

-t-13-0 

+  0-5 

0.9 

2-7 

9 

5-322 

4-8 

to 

5.6 

+  10.8 

—  I  -7 

I.O 

3-0 

Mear 

\"elocity  -(-  12 

-  -t- 

0.7.      M 

eaii  Litensit} 
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The  velocities  for  the  K  line  are  combined  into 
normal  places  in  Table  VIII.  and  are  plotted  as 
full  circles  in  the  lower  figure  of  Plate  XX.  As 
no  variation  is  established  in  these  velocities,  a 


straight  line  corresponding  to  the  mean  velocity 
of  -)-  12.5  ±  0.7  km.  is  drawn  through  them. 
This  mean  velocity,  which  is  based  on  Rowland's 
wave-length  of  A  3933.825,  falls  7.6  km.  below 
the  velocity  of  the  center  of  mass  of  the  system. 
Hartmann's  mean  velocity  for  this  line  (-)-  16  ± 
1.2  km.)  based  on  a  wave-length  which  is  not 
given,  falls  6.1  km.  below  his  \-eIocity  for  the 
system.  Apparently,  so  far  as  comparison  is 
possible,  these  results  are  in  substantial  agree- 
ment. Furthermore,  Hartmann's  conclusion, 
which  must  be  construed  within  limitations,  that 
the  K  line  in  the  spectrum  of  S  Orionis  does  not 
participate  in  the  oscillatory  motion  of  the  other 
lines,  is  here  borne  out  in  greater  degree  and 
extended  to  the  H  line.  As  pointed  out  by  Hart- 
mann  these  velocities  for  the  fixed  H  and  K  lines 
differ  but  little  from  the  velocity  of  the  solar  sys- 
tem in  this  direction  (V  =  -4-  18  km.),  but  this 
observation  seems  to  apply  equally  well  to  the 
velocity  of  the  system  of  8  Orionis,  as  we  might 
expect  in  the  case  of  a  Class  B  star. 


£  ORIONIS. 

Tiir:  I'oT.M,  Light. 

The  visual  magnitude  of  e  Orionis  (a  =  5''  31'", 
B  =  —  1°  16')  as  given  in  the  Revised  Harvard 
Photometry  is  1.75  Apparently  no  variation  of 
its  brightness  has  been  found,  and  this  star  has 
been  used  frequently  as  a  comparison  star  in  the 
study  of  the  light  variations  of  other  objects. 

Tiif:  Spectri'm. 

Iqj'^ilon  ( )rionis  is  a  typical  star  of  Class  B. 
An  excellent  reproduction  of  its  objective  prism 
spectrum  is  found  in  Harvard  College  Annals, 
Volume  28,  Plate  I ;  and  lists  of  approximate 
wave-lengths,  with  accompanying  intensities,  for 
the  spectrum  lines  are  found  in  Tables  XXIII 
and  XXI\'  of  the  same  volume.  A  detailed  rec- 
ord of  the  lines  in  this  spectrum  will  be  found  in 
a  "Catalog  of  470  of  the  Brighter  Stars"  pub- 
lished by  the  Solar  Physics  Committee  in   1902. 

The  wave-lengths  resulting  from  the  -\nn  .Ar- 
bor measures  are  listed  in  Tables  I  and  II,  to 
which  sufficient  allusion  has  perhaps  been  made. 
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However  attention  mis'iit  l)e  called  to  the  Car- 
bon (?)  srroup  at  A  4649.5.  On  two-thirds  of 
the  plates  of  t  ( )rionis  and  on  al;out  14  per  cent 
of  those  of  8  Orionis  this  trroiip  was  measured 
as  double.  In  p  Leonis,  of  more  advanced  s]>ec- 
triini,  it  appears  to  be  single  and  in  practically 
the  same  position.  It  is  sugjjcsted  that  this  line 
is  reversed  in  S  and  e  Orionis.  Reference  mi<;ht 
be  made  also  to  the  presence  of  Di  and  D2  in  the 
sjiectrum  of  e  Orionis.  It  would  be  of  import- 
ance to  know  whether  these  lines  re.g^ularly  ac- 
comptny  the  shar]5  K  line  in  Class  B  stars  and 
exhibit  the  same  behavior.  In  certain  Xovae 
this  is  known  to  be  the  case  at  some  stages  at 
least.  The  presence  in  the  spectrum  of  e  Orionis. 
of  dark  lines  in  the  positions  of  the  D  lines,  was 
referred  to  by  Campbell  in  1894,  who  gives  also 
a  list  of  lines  in  8  and  c  Orionis.  [See  Astronomy 
and  Astrophysics,  Vol.  XIII,  page  395.] 

In  commenting  on  the  case  of  e  Orionis  in  the 
course  of  a  three-prism  study  of  twenty  Orion 
stars,  Frost  and  Adams  remark.  "All  of  the  lines 
in  its  spectrum  are  extremely  broad  and  ill-de- 
fined, and  the  accuracy  of  measurement  is  prob- 
ably less  than  for  any  other  star  in  the  list."  The 
lines  in  the  spectrum  of  t  Orionis,  though  of  poor 
quality,  are.  nevertheless,  much  superior  to  those 
in  the  spectrum  of  8  Orionis.  The  probable  er- 
ror of  a  single  velocity  determination  from  the 
best  line  (Hy)  as  measured  on  the  Ann  Arbor 
plates  of  8  Orionis  was  ±  7.2  km. ;  from  the 
average  line,  about  ±  10  km.  For  t  Orionis 
these  quantities  were  ±  3.4  km.  for  the  best  line 
and  about  ±  6  km.  for  the  average  line.  In  many 
cases  emission  is  present  on  both  edges  of  ab- 
sorption lines  in  e  r)rionis  and  this  serves  to  de- 
fine these  edges  more  clearly. 

Former  Radiai,  \'Ei,ociTnjs. 

Three  early  Potsdam  velocities  of  e  Orionis 
with  a  range  of  6.4  km.  give  a  mean  velocity  of 
+  26.7  km.  for  the  epoch,  1889.00.  Four  veloci- 
ties of  this  star  derived  by  Frost  and  Adams 
from  spectrograms  made  with  the  Bruce  Spec- 
trograph during  seven  months  following  the 
date,  1901,  Sept.  4.  have  a  range  of  2  km.  and 
a  mean  value  exactly  in  accord  with  that  obtained 
at  Potsdam  twelve  years  earlier. 


b'ourtecn  velocities  delenuined  by  Dr.  O.  J. 
Lee  with  single  prism  dispersion  at  Yerkes  Ob- 
servatory from  spectrograms  made  during  five 
years  following  1903,  Dec.  6,  have  a  range  of 
21  km.  and  a  mean  value  of  +  27.8  km.  The 
])robal:le  error  of  a  single  plate  velocity  on  the 
basis  of  this  mean  is  ±:  3.7  km.  which  is  too 
large  to  be  accounted  for  by  accidental  errors. 
Frost  has  announced  this  star  as  a  spectro- 
scopic hinar)'.  \'elocities  from  the  narrow  and 
sharp  M  and  K  lines,  obtained  for  ten  of  these 
plates,  give  a  mean  of  -I-  28  km.  Though  these 
H  and  K  velocities  differ  either  w-ay  from  the 
velocities  obtained  from  the  broad  lines  by  6  km. 
on  the  average.  Frost  infers  that  these  H  and  K 
lines  share  in  the  oscillations  of  the  broad  lines. 

The   An'x   .Arhor    Radiai,  \'ei.ocities. 

The  thirt\-  .-\nn  .\rbor  velocities  from  plates 
made  on  seventeen  nights  in  1913  to  1914  are 
given  with  necessary  details  in  Table  IX.  The 
reduction  including  the  weighting  of  lines,  was 
carried  out  exactly  as  in  case  of  S  Orionis.  The 
weighted  mean  of  the  velocities  from  the  broad 
lines  in  column  four  is  -(-  25.6  km.  ±  0.6  km. 
The  residuals  from  this  mean  for  each  of  the 
plates  is  found  in  column  eight  of  the  table.  On 
the  basis  of  these  residuals  the  probable  error  of 
an  average  plate  is  found  to  be  ±  3.7  km.,  and 
the  mean  re.sidual,  rh  4.41  km.,  quantities  in  very 
close  accord  with  those  deduced  from  Lee's  re- 
sults. Also  the  range  of  18  km.  is  but  three  kilo- 
meters less  than  that  shown  by  Lee's  measures ; 
and  the  mean  of  my  measures  is  in  accord  with 
that  obtained  by  all  previous  observers,  within 
the  limits  of  error  of  measures  of  spectra  of  this 
type. 

In  one  or  two  ways  it  is  possible  to  show  that 
the  probable  error  and  mean  residual  for  a  single 
plate,  derived  above,  are  larger  than  we  should 
expect.  If  £1  denote  the  avera.ge  probable  error 
of  a  plate  deduced  from  the  internal  agreement 
of  the  velocities  from  the  several  lines  of  the 
plates  of  a  given  star  of  constant  velocity;  and  if 
e  denote  the  probable  error  of  a  plate  deduced 
from  the  comparison  of  velocities  from  these 
several  plates  of  the  same  star ;  and,  finally,  if  £0 
denote  that  element  of  the  probable  error  of  a 
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TABLE  IX.    \'ELOCITIF,S  OF  e  ORIOXIS. 


BRO-^D 

LINES 

K    LINE 

H    LINE 

NO.  OP 

OBSERVER 

D.\TE 

C.  .\[.T. 

PL.^TIC 

VEL. 

NO. 

WT. 

P.  E. 

RES  ID. 

VEI.. 

WT. 

VEL.           WT. 

(I) 

(2) 

IOI3 

(3) 
d 

(4) 
km. 

(5) 

(6) 

(7) 

km. 

(8) 

(9) 

km. 

(10 

(II)         (12) 

km. 

1606 

Curtiss 

Feb. 

8.70^ 

+  21.6 

13 

29 

±1-3 

—  3.9 

-r24 

I 

1607 

Curtiss 

8.717 

-4-28.0 

14 

17 

1-4 

+  2.5 

2422 

Curtiss 

Nov. 

1. 815 

+  27.7 

13 

18 

1.3 

+  2.2 

4-22 

2 

-1-12            I 

2423 

Curtiss 

1.822 

+  24-4 

16 

26 

1 .2 

—  I.I 

+  12 

2 

+  14           I 

2481 

Mellor 

Dec. 

10.739 

+  30.2 

16 

20 

1-3 

^-4■7 

—  20 

3 

•j-  12           I 

2482 

Mellor 

10.753 

+  30-O 

14 

20 

2.5 

+  4-5 

+  12 

2 

2499 

Merrill 

14.698 

+  16.8 

16 

23 

1.2 

-8.7 

+  11 

2 

2514 

Curtiss 

18.845 

+  28.3 

10 

15 

1.3 

+  2.8 

+  16 

I 

2515 

Curtiss 

igi4 

18.855 

+  33.2 

12 

12 

I  -5 

+  7-7 

2540 

Mellor 

Jan. 

13-725 

+  .32.1 

12 

20 

I.I 

4-6.6 

+   6 

I 

2541 

Mellor 

13-732 

+  33-1 

6 

6 

2-7 

+  7-6 

+  14 

I 

2^67 

Curtiss 

Feb. 

5.676 

+  23  -  3 

10 

15 

3-7 

—  2.2 

+  15 

I 

256S 

Curtiss 

5 -695 

+  27-8 

16 

20 

1-9 

-^2.5 

+  15 

I 

+  's     "y2 

2571 

Curtiss 

7-733 

+  26.9 

20 

27 

I.O 

-i-1.4 

-r  20 

I 

2581 

Curtiss 

12.692 

■4-28.8 

19 

31 

1-5 

+  3-3 

+    I 

I 

+  io      "y^ 

2582 

Curtiss 

12.706 

-L26.7 

14 

19 

1-9 

-hi -2 

-r-   3 

2 

2590 

Curtiss 

19.670 

+  15 -7 

20 

29 

1-3 

-9.8 

+    5 

I 

2639 

Mellor 

Mar. 

16.592 

+  19- 1 

13 

20 

1-4 

+  6.4 

-I-21 

2 

4-20      "y. 

2640 

Mellor 

16.610 

+  21.2 

12 

23 

2.2 

—  4.3 

+  20 

I 

+  28       y 

2647 

Curtiss 

1 7.. 549 

+  24.1 

18 

25 

0-9 

—  1.4 

+  23 

2 

+  2       y 

2648 

Curtiss 

17.561 

+  26.8 

17 

25 

1.5 

+  1.3 

+  13 

I 

+  31      I 

2651 

Curtiss 

17.601 

+  29.3 

19 

28 

1.6 

+  3.8 

+  17 

2 

+  28      y 

2654 

Curtiss 

20 . 562 

+  21.2 

16 

24 

0.9 

—  4.3 

±    0 

I 

26s6 

Curtiss 

20.590 

+  17-0 

17 

28 

0.7 

-8.5 

+  14 

I 

2658 

Curtiss 

20.607 

-f22.I 

20 

26 

0.8 

—  3.4 

+  32 

I 

2667 

Curtiss 

Apr. 

5-605 

+  30.4 

20 

26 

1-7 

+  4.9 

2668 

Curtiss 

5-617 

+  31-5 

13 

15 

2.0 

4-6.0 

2671 

Mellor 

8.583 

+  31-2 

15 

17 

2.2 

+  S-7 

+  43 

I 

+  2i       i" 

2680 

Curtiss 

12.577 

+  33-5 

IS 

22 

I.  5 

+  8.0 

+  13 

I 

2690 

Mellor 

13-579 

+  27.5      13       19 
+  25.6  ±  0.6  km. 

1-4 

+  2.0 

Mean 

+  17.0  ± 

TJk 

+ 15.6  ±  1.2 

km. 

given  average  plate  which  is  introduced  by  causes 
other  than  those  contributing  to  tj,  we  may  write, 


The  la.st  quantity,  („,  will  depend  largely  upon 
systematic  spurious  displacements  of  the  star  and 
comparison  spectra  due  to  instrumental  errors, 
variations  in  personal  equation,  systematic  asym- 
metry of  lines,  etc.  For  different  sets  of  plates 
made  with  a  given  spectrograph  and  measured 
by  experienced  observers,  this  element  of  the 
probable  error  of  a  single  plate  should  be  ap- 
proximately constant.  On  the  other  hand,  c^  will 
depend  largely  upon  the  relative  accuracy  of  the 


wave-lengihs  and  the  measurability  of  the  star 
lines. 

From  twenty  plates  of  a  Lyrae's  spectrum, 
made  here  and  measured  by  Mr.  L.  L.  Mellor, 
it  is  found  that 


and  thus 


±  1.74  km., 
±  1 .45  km., 


•  —  ±0.97  km.. 


which  is  probably  a  little  greater  than  the  average 
value  of  this  quantity. 

Combining  this  value  of  t„  with  the  value  of 
e,  (=  H;:  1.6  km.')  found  above  for  £  Ononis  in 
Table  IX,  column  7,  we  deduce  the  value,  ±1.9 
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km.,  for  tlie  probable  error  (e)  of  the  velocity 
from  a  single  spectrogram  of  this  star.  Further 
this  same  value  for  «  Orionis  is  obtained  from 
diflferences  between  velocities  from  pairs  of 
plates  of  this  star  made  in  rapid  succession  on  the 
same  night,  the  only  assumption  being  that  the 
velocity  does  not  vary  ai)prcciably  during  the 
short  interval  involved. 

In  the  light  of  this  value  for  the  probable 
error  of  a  single  plate  velocity  of  t  Orionis  it  is 
apparent  that  the  excessive  magnitude  of  this 
(luanlity  as  deduced  from  the  velocities  of  Table 
IX  is  attributable  to  the  \:iriablc  velocitv  of  this 
star. 

A  good  idea  of  the  extent  of  the  variation  of 
the  radial  velocity  of  e  Orionis  may  be  secured 
if  we  assume  that  this  variation  follows  a  sine 
curve  with  the  forty-four  velocities  determined 
by  Lee  and  the  writer  uniformly  distributed 
along  the  time  axis.  For,  if  K  represents  the  half 
amplitude  of  the  assimied  sine  curve,  the  average 
of  the  absolute  values  of  a  large  set  of  velocities 
distrilnited  evenly  along  the  time  axis  will  be 
very  nearly, 


•^  o 


which  equals  2K/ir.  This  is  the  average  quan- 
tity which  enters  into  the  residuals  in  column 
eight  of  Table  IX  as  the  result  of  the  assumed 
velocity  oscillation.  Accordingly  the  element  of 
the  probable  error  of  a  single  plate  due  to  this 
effect  upon  these  residuals  is  approximately 
±  i.y^K/ir,  on  the  basis  of  the  well  known 
shorter  formula  for  probable  errors.  Calling  this 
£.(,  and  the  probable  error  of  a  single  plate  velocity 
based  directly  on  the  residuals  in  column  8  of 
Table  IX,  F,,  we  may  write, 

£'  =  €=-]-£/. 

from  which  we  derive  a  value  for  K  of  5.7  km. 
and  a  velocity  range  of  11.4  km.  This  is  prob- 
ably only  an  approximate  value  of  the  velocity 
range,  however,  for  the  frequency  curve  of  the 
Verkes  and  Ann  jVrbor  velocities  of  this  star 
indicates  an  orbital  eccentricity  of  about  0.3. 


The  range  of  variation  of  c  Orionis  is  so 
small  that  it  is  not  strange  that  considerable 
difficulty  has  been  experienced  in  finding  a  sat- 
isfactory period.  If  we  plot  along  the  time  axis 
the  twenty-eight  velocities  observed  at  Ann  Ar- 
bor during  the  past  winter  (1913-1914),  they 
at  once  suggest  a  sine  curve  with  the  elements: 
Period  =100  days,  A' =13  km.,  /'==-)- 26.5 
km.  lUit  the  probable  error  of  a  single  observa- 
tion as  based  on  the  residuals  from  this  curve  is 
±:  2.6  km.  which  is  still  too  large,  though  great- 
ly reduced.  Probably  this  apparent  adherence  to 
a  long  period  variation  is  partly  accidental  but 
it  certainly  suggests  some  interesting  commen- 
surabilit\'  of  the  true,  and  probably  short,  periocl 
with  the  day. 

In' writing  an  expression  which  shall  connect 
the  long  period  with  some  short  period  which 
shall  be  very  nearly  equal  to  some  round  fraction 
of  a  day,  we  may  let  />  represent  the  long  period ; 
P ,  the  short  period;  a,  the  rounded  value  of  \/P \ 
and  dT ,  the  interval  by  which  the  average  hour 
of  observing  changes  toward  smaller  values  dur- 
ing the  series  of  plates.     Then 

p  —  dT 


ap^i 


II  dT 

=  (approx.)  —  ± . 

a        a'p         ap 

On  the  basis  of  these  fomiulae  and  the  value 
of  100  days  for  p,  a  number  of  different  periods 
have  been  derived  and  tested.  Of  these  the  best 
are  0.49677  days  and  0.33173  days.  The  observa- 
tions when  plotted  with  these  periods  suggest  a 
sine  curve  with  an  amplitude  of  about  ten  kilo- 
meters with  an  average  residual  little  if  any 
smaller  than  that  derived  from  the  long  period 
oscillation.  On  the  whole  it  seems  probable  that 
further  search  for  a  period  might  better  wait  until 
more  observations  are  available.  An  explanation, 
which  usually  is  suggested  when  a  small  velocity 
range  of  .short  period  is  found  in  an  early  type 
star,  might  be  offered  here ;  namely,  that  the 
lines  in  this  spectrum  are  really  composite  though 
never  resolved.  Lnder  these  circumstances,  if 
the  two  components  be  of  unequal  brightness, 
capricious  changes  depending  on  the  density  of  the 
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spectrogram  might  be  measured  in  the  positions 
of  the  Hnes. 

In  a  set  of  preliminar)-  reductions  of  the 
measures  of  the  Ann  Arbor  spectrograms  of 
£  Ononis,  tlie  ¥\  and  K  hnes  were  inckided  with 
the  others  in  the  mean  velocity.  \Mien  it  be- 
came evident  that  these  two  lines  were  consist- 
ently displaced  in  the  direction  of  shorter  wave- 
lengths with  reference  to  the  other  lines,  the 
measures  of  them  were  segregated  and  collected 
with  assigned  weights  in  the  last  four  columns  of 
Table  IX. 

The  weighted  mean  of  the  twenty-five  veloci- 
ties derived  from  the  K  line  is  -}-  15.6  ±  1.2  km., 
a  result  9.5  km.  less  than  the  mean  velocity  de- 
rived from  the  broad  lines  on  these  same  plates. 
The  weighted  mean  of  the  eleven  velocities  from 
the  H  line  is  +  i7-0  ±  2.5  km.,  a  result  9.2  km. 
less  than  the  mean  velocity  obtained  from  the 
broader  lines  on  the  same  plates.  It  is  interest- 
ing to  observe  that  the  final  mean  velocity  from 
the  calcium  lines  (-1-  16.0  km.)  is  less  than  all 
but  one  of  the  plate  velocities  determined  from 
the  broader  lines.  It  is  also  pertinent  to  note 
that  the  velocity  from  the  K  line  in  8  Orionis 
falls  7.6  kms.  below  the  velocity  of  that  system 
as  deduced  from  the  oscillating  lines. 

It  remains  to  consider  whether  the  displaced 
calcium  lines  follow  the  broader  lines  in  their 
oscillations.  If  the  calcium  lines  do  oscillate  in 
parallel  with  the  l)roader  lines  it  would  be  ex- 
pected that  the  difllerences  between  the  broad 
line  velocity  and  that  from  the  calcium  lines  of 
each  plate  would  agree  for  the  series  better  than 
do  the  calcium  line  velocities  among  themselves. 
However  the  reverse  is  the  case.  The  average 
residual  of  the  differences,  broad  lines  minus 
calcium  lines,  from  their  mean  is  ±  6.7  km., 
which  is  reduced  to  ±  6.5  km.  by  taking  into 
account  the  probable  error  of  the  broad  line  ve- 
locities, whereas  the  average  residual  of  the  cal- 
cium line  velocities  from  their  mean  is  ±  5.8  km. 
This  is,  within  reasonable  limits,  the  result  which 
we  would  anticipate  if  the  calcium  lines  were  fixed 
and  the  broad  lines  were  oscillating  with  a  range 
of  about  10  km.,  which  is  roughly  the  range  of 
variation  of  the  broad  line  velocities  deduced 
above.  In  the  case  of  the  Yerkes  Obserx^atory 
velocities,   the   average   difference   between    the 


broad  line  velocities  and  those  from  the  calcium 
lines  of  each  plate  is  ±  5.8  km.  which  is  reduced 
to  ±  5.6  km.  by  taking  into  account  the  probable 
error  of  the  broad  line  velocities.  At  the  same 
time  the  average  residual  of  the  calcium  line 
velocities  from  their  mean  is  zb  5.2  km.,  a  differ- 
ence in  fair  agreement  with  the  Ann  Arbor  re- 
sults. There  seems  to  be  little  or  no  evidence  to 
indicate  that  the  calcium  lines  oscillate  with  the 
broad  lines  in  e  Orionis. 

The  interesting  difference  of  12  km.  between 
the  mean  velocity  deduced  from  the  calcium  lines 
at  Yerkes  Observatory  and  that  observed  at  Ann 
.Arbor,  only  two  km.  of  which  is  attributable  to 
systematic  discrepancy,  may  indicate  a  variation 
of  the  velocity  derived  from  the  H  and  K  lines — • 
possibly  a  variation  of  long  period. 

If  we  accept  Hartmann's  highly  interesting 
hypothesis  of  a  calcium  cloud  lying  between  the 
sun  and  certain  stars  in  the  constellation  of  Orion, 
the  Ann  Arbor  measures  furnish  the  following 
determinations  of  the  radial  velocity  of  this  cal- 
cium mecliuni  with  reference  to  the  sun : 


STAR 

LINE 

VELOCITY 

km. 

WEIGHT 

S  Orionis 

K 

-r  12.5 

8.0 

H 

-t-  17-2 

I.O 

e  Orionis 

K 

+  15.6 

.  3-0 

H 

-f-  I7-0 

0.6 

city  of  cal 

cium  cloud. 

J-  13.8  km. 

In  view  of  the  importance  of  comparison  among 
determinations  of  this  "calcium  cloud"  velocity 
at  different  epochs  and  with  different  instru- 
ments, it  may  be  said  that  the  presence  of  excel- 
lent H  and  K  bright  lines  in  the  comparison 
spectrum  of  many  of  the  Ann  Arbor  spectro- 
grams of  e  and  S  Orionis  has  enabled  the  writer 
to  check  within  a  kilometer  by  direct  measures 
the  velocities  from  these  lines  as  derived  through 
the  use  of  Rowland's  wave-lengths. 

su:\niARY. 

The  foregoing  paper  is  devoted  more  particu- 
larly to  a  discussion  of  the  total  light,  spectra 
and  radial  velocities  of  8  and  e  Orionis.  The  in- 
vestigations reported  in  the  present  paper  in- 
clude :  a  definitive  determination  of  the  elements 
of  the  orbit  of  8  Orionis  from  the  Potsdam  radial 
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velocity  observations  of  Ilartmann;  a  study  of 
the  character  and  a  determination  of  the  wave 
lengths  of  the  measurable  lines  between  H{  and 
Ha  on  74  spectrograms  of  S  Orionis  and  30  spec- 
trograms of  t  Orionis,  made  at  the  Detroit  Ob- 
servatory during  the  last  three  years ;  and  studies 
of  the  radial  velocities  determined  from  these 
104  spectrograms. 
The  principle  results  of  this  study  are : 

1.  Xo  certain  changes  are  found  in  the  spec- 
trum of  8  Orionis  in  a  period  of  eleven  years. 

2.  The  wave-lengths,  which  were  deteniiined 
in  this  paper  for  all  measurable  lines,  show  in- 
teresting divergence  from  the  assumed  values, 
the  most  striking  of  which  is  that  for  the  H8 
line. 

3.  Some  indication  is  found  of  lines  of  a  sec- 
ondary star  with  a  mass  1.8  times  that  of  the 
primary. 

4.  Little  relation  is  indicated  between  phase 
and  structure  changes  of  lines  in  the  spectrum 
of  8  Orionis. 

5.  The  results  from  least  square  solutions  of 
37  observations  of  8  Orionis  by  Hartmaun  at 
Epoch,  1902,  June,  and  74  observations  at  the 
Detroit  Observaton-  at  Epoch,  1913.  Sept.,  es- 
tablish no  changes  in  the  velocity  curve  in  the 
interval  of  1 1  years. 

6.  An  improved  apparent  orbital  period 
5.732448  ±  0.000.015  days  is  derived  together 
with  other  new  definitive  elements  of  the  orbit  of 
S  Orionis. 


7.  Xo  certain  oscillation  with  the  broader 
lines  is  found  in  the  case  of  the  sharp  H  and  K 
lines  in  8  Orionis  and,  using  Rowland's  wave- 
lengths, the  average  displacement  of  these  sharp 
lines  from  the  normal  position  of  the  oscillating 
lines  is  seven  kilometers  negative. 

8.  The  D  lines  of  sodium  are  seen  in  the  spec- 
trum of  £  Orionis  but  are  probably  too  narrow  to 
be  observed  in  the  spectrum  of  8  Orionis  with 
the  dispersion  employed. 

9.  Clear  evidence  of  the  velocity  variation  as 
announced  by  Frost  is  recognized  in  the  .Ann  Ar- 
bor measures  of  the  spectrum  of  t  Orionis.  The 
velocitv  range  indicated  is  about   1 1  km. 

10.  A  provisional  period  of  100  days  is  sug- 
gested for  the  velocity  oscillations  of  c  Orionis 
and  shorter  periods  derived  from  this  are  given. 

11.  The  conclusion  is  reached  that  the  H  and 
K  lines  of  calcium  on  the  .Ann  Arbor  spectro- 
grams of  £  Orionis  probably  do  not  oscillate  in 
parallel  with  the  broader  lines  and  are  displaced 
negatively  about  nine  kilometers  with  respect  to 
the  mean  velocity  for  the  other  lines. 

12.  ,A  comparison  of  the  Ann  Arbor  veloci- 
ties for  the  H  and  K  lines  with  corresponding 
velocities  determined  at  the  Yerkes  Observatorj' 
for  an  earlier  epoch  suggests  a  variation  in  the 
position  of  these  lines. 

13.  Assuming  with  Hartman  a  calcium  cloud 
between  us  and  these  Orion  stars,  the  radial 
velocity  of  this  medium  is  found  to  be  +  14  km. 
per  second  referred  to  the  sun. 

Ann  .\rbor.  Mich..  July  24,  1914.  ' 


THE  SPECTRUM  AND  RADIAL  VELOCITY  OF  ^  PERSEI  AND  OF 
THE  BRIGHTEST  COMPONENT  OF  (3  MONOCEROTIS 

By  PAUL  W.  MERRILL 


The  bright-line  stars,  ip  Persei  and  ji  Moiioccr- 
otis  (brightest  preceding  component)  were  placed 
by  the  writer  in  the  <f>  Persei  group'  of  stars  of 
class  B  having  bright  hydrogen  lines.  The  type 
star,  <j>  Persei,  is  a  spectroscopic  binary  which 
has  been  studied  extensively  by  several  observ- 
ers,''- and  found  to  possess  a  very  complex  and 
interesting  spectrum,  which  varies  synchronously 
with  the  orbital  period.  The  changes  are,  how- 
ever, not  exactly  repeated  in  different  revolutions. 
The  orbit  appears  to  be  non-elliptical. 

The  hydrogen  lines  of  ip  Persei  and  of 
/?  Monocerotis  consist  each  of  a  strong,  well- 
defined  dark  line  flanked  on  either  side  by  bright 
borders  which  are  very  strong  at  Hj8,  less  marked 
at  Hy,  and  at  succeeding  lines  are  so  weak  as  to 
be  inconspicuous  or  apparently  absent,  leaving 
only  a  sharply  defined  absorption  line.  In  some 
cases  absorption  is  seen  outside  of  the  bright 
portions.  The  velocities  recorded  in  this  paper 
as  derived  from  the  hydrogen  lines  depend  on 
the  central  absorption,  but  those  given  by  the 
mean  of  the  two  bright  components,  where 
measurable,  are  nearly  the  same.  In  other 
words,    the   emission    is   practically    symmetrical 


on  either  side  of  the  central  dark  line.  4101.98  A 
was  taken  as  the  wave-length  of  HS;  Rowland's 
wave-lengths  were  used  for  the  remaining 
hydrogen,  and  calcium  lines.  The  wave-lengths 
for  the  titanium  comparison  lines  were  those 
tietermined  by  I\Ir.  Mellor,''  using  the  same 
spectrograph  with  which  the  stellar  plates  were 
secured.  This  is  a  single-prism  instrument,  de- 
.scribed  in  Vol.  I,  p.  38,  of  these  Publications. 

The  present  observations  reveal  no  certain 
change  in  any  feature  of  the  spectrum  of  either 
star.  Apparent  changes  in  the  broad  outside 
absorption  of  the  hydrogen  lines  were  recorded 
by  Miss  Alaury.*  Such  changes  might  be  sus- 
pected from  my  plates  but  could  scarcely  be 
established.  The  wide  objective  prism  spectra 
probably  give  evidence  of  greater  weight  on  this 
point  than  do  slit  spectrograms.^ 

The  chromospheric  (enhanced  metallic)  lines 
Fe  4584.10  A,  and  Co,  Ti  4629.52  A  are  present 
in  both  spectra,  as  in  <j>  Persei,  as  faint,  bright- 
edged  absorption  lines.  Broad  and  weak  absorp- 
tion lines  of  helium  are  present,  and  Mg  4481  A, 
of  the  same  character.  Other  notes  are  given  in 
the  remarks  following  each  table. 


yp  PERSEI. 

(0  =  3"  29"'.4  ;  5  = -I-  47°  51';  Mag 

T.\BLE  I. 

D.\TE   (",.M.T.  RADI.M.  V.      SEPARATION 

H/3 
I  2  3 

1911     Oct.    2.820  4-0.2  km.        3.26  .\ 

13.722  —3.4  3.76 

18.789  —0.4  3-70 

22.738  —0.6  3.40 

27.762  — 0.9  3.40 

Nov.  25.762  44.1  3.27 

29.720  4-3.5  336 

29.748  4-4.0  3-6i 


'  Lich  Observatory  Bulletins,  7,  162,  1913. 
"Cannon,  Jour.  R.  A.  S.  Can.,  4,  195,  1910. 

Ludendorff,  A.  N.,  168,  17,  1910. 

Jordan,  Pub.  Allegheny  Obs.,  3,  31,  1913. 


:4.3;  Class  B5p). 


SEPARATION 

4 


.83  .\ 
■77 


1. 18 


'  Publ.  Ohserz-atory,  Univ.  of  Mich.. 
'Annals  H.  C.  0..  28,  104,  1897. 
'  Ibid.,  .5(5,  263,  1912. 
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Dec.  5 

754 

S 

767 

I9I2 

Oct.  I-' 

750 

13 

726 

Dec.  14 

665 

i9>3 

Jan.  12 

603 

Oct.  9 

709 

9 

74^ 

II 

718 

12 

757 

2S 

755 

31 

723 

Nov.  I 

711 

Mean 

1912 

7 

-2.9 

-t-2.8 

—3-7 
—0.0 
-f  10 
— 2.5 
0.0 
—4-7 


—0.4 
+2-3 


2.66 
2.92 


1.36 
1-30 


+  1.4  3.50 

— o.i±o.,37     3.49±o.o.)     2.S3±o.o4     1.235:0.03 


Columns  three  and  four,  headed  "Separation" 
give  the  measured  distance  between  the  two 
bright  maxima  of  the  line  indicated.  Column 
five  gives  the  numerical  ratio  of  the  numbers  in 
column  three  to  the  corresponding  numbers  in 
column  four. 

All  of  the  plates  were  taken  by  Curtiss  ( who 
kindly  turned  them  over  to  the  writer  for  dis- 
cussion) except  that  on  1913  Oct.  11  by  Mellor, 
and  that  on  1913  Oct.  31  by  Merrill. 


There  is  no  evitlencc  of  variation  in  radial 
motion.  The  probable  error  of  the  velocity  from 
a  single  plate  is  ±  1.7  km.  K  is  an  absorption 
line,  well-defined,  though  not  very  narrow.  Meas- 
ured on  9  plates,  it  yields  a  velocity  of 
-J-  T.6  ±  I.I  km.,  being  accordant  with  that  from 
the  hydrogen  lines.  On  several  plates  a  weak 
line  is  seen  in  the  position  of  H.  On  the  first 
plate  of  191 1  Dec.  5  the  separation  of  the  bright 
portions  of  4629  A  was  measured  as  2.9  A. 


P  MONOCEROTIS— BRIGHTEST  COMPONENT. 
(0  =  6"  24'" .0;  8=:  — 6°  58' ;  Mag.  =  4.7 ;  Class  B3p). 


1913 


1914 


Oct. 
Nov. 
Dec. 
Feb. 
Mar. 
Oct. 
Nov. 


31-794 

16.775 

14.781 

1.6S0 

19-556 

30.916 

1.802 

1.865 

22.800 

22.849 

27.764 


TABLE  II. 

R.MII-M,  V.      SEP.-KR.\TION 
(HYDROGEN'   lines;  HjS 

2  3 

+22.0  km. 
+20.8 


+21.5 
+24.6 
+21.8 
+22.3 
+24.2 
+22.3 

+21-9 

+21.3 

+23.5 


90  .\ 
74 
84 
92 

2i 

34 


Mean 


SEP.-\R.^TI0N 
H7 

4 


3. 19  A 
2.52 


2.69 

2.80 
3-07 

2.82 


1-23 
1.68 

1-44 

1.48 
1.30 
1-37 


+22.4±o.25     3.97±o.04     2.85rto.07     1.42^0.04 


There  is  no  evidence  of  variation  in  radial 
motion.  The  probable  error  of  the  velocity  from 
a  single  plate  is  ±  0.84  km.  Five  three-prism 
spectrograms  taken  at  Lick  Observatory  during 


the  years    1905   to    1912  gave  a  mean  value  of 
-f  21.6  km.  for  the  radial  velocity.' 

^  Lick  Observatory  Bulletins.  7,  162,  1913. 
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UXR'ERSITY  OF  MICHIGAN 


The  following  table  summarizes  measures  of 
additional  lines  on  the  present  series  of  plates  of 
(8  Moiioccrotis. 

TABLE  III.— /3  MONOCEROTIS. 


WAVE-LENGTH         RADIAI,  V. 


NO.  OF   SEPARATION  OF     NO.  OF 
PLATES   BRIGHT  COMPS.    PL.^TES 


4^84. 10  Fe 
3933.82A(K) 
3968.62  (H) 
4233.40  Fe,  Cr 
4629.52  Co,  Ti 


+18.5 
+22.6  km. 
+22.8 

-1-20.4 
-f28.3 


4 
4-2 


Table  IV  shows  mean  values  of  the  separation 
for  several  of  the  more  important  of  the  double 
bright  lines  in  the  photographic  region,  as  meas- 
ured by  the  writer. 

TABLE  IV. 
SEPARATIOX  OF  BRIGHT  COMPOXEXTS. 


<t>  Persei 
i/(  Persei 


H/3 

4.1  A 
1(3-2) 
(  3-49 
( (3.7) 

3-97 


H7 

3 

3.5  A 

2. S3 


RATIO        4584  .\    4629  A 


4 
1.2 


3.8  A     4.2  A 
2.9: 

4.2 


The  figures  in  parentheses,  and  all  those  for 
(f>  Persei  were  obtained  at  Lick  Observatory. 


Gencrai,  Remarks. 

The  three  groups  of  bright-line  spectra  of 
Class  B,  designated  by  the  names  of  the  typical 
stars,  7  Cassiopeiae,  b-  Cygiii,  Electro,  seem  to 
form  a  series,  the  progression  being  a  decrease 
in  strength  of  the  bright  portions  of  the 
hydrogen  lines,  and  a  strengthening,  or  a  widen- 
ing, of  the  central  absorption.  In  this  connection 
the  <f>  Persei  group  is  anomalous,  having  intense 
bright  lines,  and  strong,  wide  central  absorption. 
The  features  distinguishing  this  group  from  the 
y  Cassiopeiae  group  are  the  strong  central  absorp- 
tion, the  sharply  cut  inner  edges  of  the  bright 
portions,  and  the  strength  of  the  bright  chromo- 
spheric  lines.  It  seems  probable  that  these 
features  are  the  result  of  vigorous  atmospheric 
activity,  which  produces  more  marked  absorption 
(reversal)  as  well  as  intense  bright  lines.  The 
hydrogen  lines  in  this  group  resemble  closely  in 
appearance  the  self-reversed  lines  of  the  electric 
arc.  Since  cool  or  non-ionized  hydrogen  seems 
incapable  of  selective  absorption,  this  may  be  con- 
strued as  an  argument  for  the  intense  conditions 
just  referred  to;  so  that  if  this  group  of  stars  is 
to  be  put  in  a  series  with  the  others,  it  should 
probably  come  first. 

Axx  Ari!OR.  Feh..  1015. 


THE  RADIAL  VELOCITY  OF  MAIA 

By  PAUL  W.   MERRILL 


Maia  (20  Tauri;  0  =  3''  sg^.g;  8  =  +  24°4'; 
Mag.  =  4.8;  Class  B  5)  was  announced  as  a 
spectroscopic  binary  by  Adams^  in  1904.  It  was 
on  this  account  placed  on  the  obser\^ing  program 
here  in  the  fall  of  1912  by  Dr.  Curtiss.  Since 
then  44  plates  have  been  secured  with  the  one 
prism  spectrograph,-  of  which  40  have  recently 
been  measured  by  the  w"riter.  The  emulsion  of 
33  plates  is  Seed  23 ;  of  7,  Red  Label  Lantern 
Slide. 

Little  evidence  of  variation  in  the  radial  mo- 


'  -^p.  L,  19,  341.  1904- 
'  This  volume,  p.  37. 


tion  has  appeared  from  this  series.  The  total 
range  is  19.5  km.,  and  with  the  exception  of  one 
pl.tte,  16.0  km.  The  number  of  lines  available 
for  measurement  is  small,  and  although  they  are 
of  fair  quality,  especially  for  this  class  of  spec- 
trum, they  are  not  the  best.  The  accuracy  of  the 
actual  lucastirement  may  be  inferred  from  the 
fact  that  in  the  repetition  of  measures  on  7  plates 
the  greatest  divergence  is  3.3  km.,  and  the  aver- 
age divergence  1.7  km.  But,  as  every  line-of- 
sight  observer  realizes,  this  unfortunately  does 
not  represent  the  accuracy  of  the  deduced  radial 
ve'ocitv. 


i'n;i.ic.\Ti()\s  OF  THE  observatory 
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RADIAL  VI'XOCITV  OK  MAIA. 


OslK                C, 

M.T,            MCCATIVK  I!V 

VI-XQCITY    LINES*     Wr 

iiju        Oct. 

4.863 

Mcllor 

+  10.4 

6 

S-7-16 

Lindsay 
Curtiss 

+  12.6 

6 

5.765 

Lindsay 

+     3.4 

4.6     .. 

5.800 

Lindsay 

+  11. 2 

6 

6.750 

Curtiss 

+  11.4 

5 

7.864 

Mellor 

+  13.1 

4 

13.793 

Curtiss 

-+-     7.6 

5        'A 

16.820 

Mellor 

+     1.5 

4         M- 

25.860 

Mellor 

^-     3.6 

4 

26.785 

Lindsay 

+  13.9 

5.  5 

26.79y 

Lindsay 

+    9.^ 

5 

26.809 

Curtiss 

+    4.3 

5,5     •• 

Nov. 

3.709 

Curtiss 

+    2.3 

4 

3.808 

Curtiss 

+    9.6 

5 

10.816 

Curtiss 

+    2.1 

4        K' 

10.829 

Curtiss 

+    0.4 

4 

15.756 

Mellor 

—    1.7 

5 

15.767 

Mellor 

-    5.6 

6,5     .. 

22.811 

Mellor 

+    4.9 

4 

27.725 

Mellor 

+    9.9 

5 

29.756 

Mellor 

-t-    7-2 

4 

29.771 

Mellor 

+  8.4 

5 

30.693 

Lindsay 

+     2.0 

5,5     .. 

30.714 

Lindsay 

+     I.O 

4        'A 

Dec. 

7.582 

Curtiss 

+     5.1 

5 

8.632 

Curtiss 

+     9.9 

4        'A 

8.666 

Curtiss 

+     4.7 

6        V^ 

14.697 

Lindsay 

+     4.8 

4 

14.709 

Lindsay 

+  12.3 

3 

1913        Jan, 

12.718 

Curtiss 

2.1 

5.5     .. 

12.739 

Curtiss 

+    5-0 

5 

24.638 

Mellor 

+   8.1 

5 

24.658 

Mellor 

+  12. 1 

7,  5     ■ . 

Feb. 

8.619 

Curtiss 

+   6.0 

5 

8.649 

Curtiss 

+  10.6 

5 

17.616 

Mellor 

+   6.2 

3 

i).\TK  c.  .\i.  r, 

1914        I'cl 


NKGATIVE  IIV  VKLOCITY    LINES 

1 .524         Merrill  +  10.2        7 

1.567         Merrill  +5.8        6 

1.597         Merrill  +    6.0        S 

1.622        Merrill  +3-4        7 


Mean  : 


+  6.41  ±0.51. 


Regarding  the  velocity  as  constant  the  proba- 
ble error  of  the  weighted  mean  is  ±  0.51  km., 
and  of  a  single  plate  ±3.1  km.  This  is  not  much 
larger  than  would  be  expected  from  the  internal 
agreement  of  the  lines  of  one  plate.  A  plot  of 
the  observations  seems  slightly  to  indicate  a  min- 
imum about  1912  Nov.  16,  with  the  possibility 
of  a  periodicity  in  the  neighborhood  of  55  days, 
but  the  evidence  is  much  too  weak  for  certainty. 
If  such  a  variation  exists  the  double  amplitude  of 
the  velocity  range  is  probably  but  little  over  10 
km.  per  second,  and  is  scarcely  worth  attacking 
at  present  in  view  of  the  many  more  favorable 
opportunities  presented  to  the  spectroscopist.  A 
very  short  period  is  not  excluded  but  has  small 
probability  in  view  of  the  tiumber  and  distribu- 
tion of  the  observations.  The  velocity  range 
found  by  Adarns''  from  7  plates  is  28.3  km.  Of 
this  26.1  km.  occurs  in  a  period  of  two  days.  If 
a  single  plate  be  omitted  the  range  is  reduced  to 
16.3  km. 

Using  Rowland's  wave-length  of  3933.825  A 
for  calcium  X,  the  Ann  Arbor  series  gives  a  ve- 
locity from  that  line,  from  32  plates,  of  -(-  5.4 
km.,  which  does  not  differ  substantially  from  that 
yielded  by  hydrogen  and  other  elements. 

!\ larch.  1 914. 


*  Two  numbers  in  this  column  indicate  that  the  ve- 
locity is  the  mean  of  two  measures. 


A  STUDY  OF  THE  TITANIUM  SPARK  AS  A  COMPARISON  SPECT- 
RUM IN  THE  SINGLE-PRISM  SPECTROGRAPH 

By  LEWIS  L.  MELLOR 


INTRODUCTION. 

The  purpose  of  this  investigation  is  to  study 
the  wave-lengths  of  the  measurable  lines  of  the 
titanium  spark-spectra  as  photographed  with  the 
single-prism  spectrograph  of  this  Observatory, 
as  compared  with  similar  data  obtained  in  the 
laboratory  with  instruments  of  higher  dispersion. 
It  is  thus  hoped  to  determine  the  relative  relia- 
bility of  different  lines  for  radial  velocity  deter- 
minations, to  adjust  the  wave-lengths  of  all  meas- 
urable lines  to  a  homogeneous  system  for  this 
instrument  and  to  establish  the  degree  of  depend- 
ence which  may  be  assumed  in  connection  with 
the  quantitative  use  of  the  titanium  spark  com- 
parison in  spectrum'  investigations  with  spectro- 
graphs of  the  type  here  employed. 

It  is  a  well  known  fact  that  the  effective  wave- 
lengths of  the  lines  in  the  spark  comparison  of 
the  stellar  spectrograph  are  modified  by  the  blend- 
ing, especially  under  low  dispersion,  of  lines  due 
not  only  to  the  element  used  but  to  impurities  in 
the  temiinals  and  to  air  lines  which  are  present 
in  the  spectrum  of  the  spark  discharge  through 
air.  The  detection  of  the  errors  in  wave-lengths 
due  to  these  causes  requires  the  study  of  all  the 
lines  available,  under  different  conditions  of  ex- 
posure, to  discover  variations  of  individual  lines 
from  the  laboratory  positions. 

Or,SERV.\TinNS. 

The  spectrograph  with  which  the  plates  were 
made  for  this  investigation  has  been  fully  de- 
scribed in  an  earlier  paper  by  Dr.  Curtiss  in  this 
volume.  The  comparison  spectrum  employed 
from  the  first  has  been  that  of  the  titanium  spark 
between  terminals  of  approximately  eighty  per- 
cent purity,  the  chief  impurities  being  iron  and 
calcium.  The  metal  used  for  these  terminals  was 
procured  from  Eimer  and  Amend.  The  capacity 
and  self-induction  in  the  spark  circuit  have  been 
so  adjusted  as  to  make  the  continuous  spectrum 


and  air  lines  relatively  faint.  The  customary 
gromid  glass  mat,  inserted  between  the  two  sets 
of  spark  terminals  and  the  slit-head,  diffuses  the 
continuous  spectrum  of  the  core  of  the  spark  and 
renders  the  intensity  of  the  lines  uniform 
throughout  their  length. 

Twenty-six  plates,  with  the  exception  of 
two,  were  selected  for  measurement  from  our 
observing  list  of  stellar  spectra,  and  may  be  enu- 
merated and  classified  as  follows :  fourteen  of 
medium  exposure,  the  lines  in  the  spectrum  of 
which  are  numerous  and  well-defined ;  five  of 
about  twice  the  medium  exposure  and  seven  of 
about  one-half  the  medium  exposure.  The  plates 
which  are  included  in  each  set  have  nearly  the 
same  relative  intensity,  but  most  of  them  were 
taken  under  various  degrees  of  temperature, 
ranging  from  -|-  1.4°  C.  to  -)-  29°  C.  With  the 
exception  of  one  on  a  Red  Label  Lantern  Slide  all 
the  spectra  were  photographed  on  Seed  23's ;  the 
exposure  time  for  the  latter  plate  being  on  the  av- 
verage  about  one  minute,  twice  this  amount  being 
required  for  the  former. 

THE    MEASURING   ENGINE. 

The  engine  used  for  the  measurement  of  these 
plates  was  designed  by  Dr.  Curtiss  and  construct- 
ed by  Messrs.  Henry  and  Emile  Colliau  in  the 
Observatory  Shop.  Originally,  the  machine  was 
intended  for  measurements  in  two  co-ordinates 
but  it  has  proven  equally  efficient  for  those  in 
one.  It  may  be  well  to  mention  a  few  of  its  in- 
teresting features. 

The  box  casting  or  engine-bed  is  provided  with 
ball  bearings  which  partially  support  the  weight 
of  the  plate  carriage  and  allow  it  to  move  very 
freely  in  its  ways. 

The  micrometer  head,  20  cm.  in  diameter,  is 
divided  into  two  hundred  divisions,  which  can  be 
easily  read  to  a  tenth  of  a  division,  so  that  the 
movement  of  the  screw  can  be  read  to  tx/2.  The 
screw  is  14  mm.  in  diameter  and  approximately 
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17  cm.  in  lengtli,  with  a  pitcli  of  one  inillinictcr. 
Soon  after  the  machine  was  assembled  and  ad- 
justed the  periodic  error  for  ten  revolutions  of 
the  screw  was  determined  and  found  to  be  6  X 
lO""  of  an  inch  per  quarter  revolution.  Later, 
during  the  measures,  a  different  portion  of  the 
screw  was  tested  in  the  same  manner  as  before, 
but  no  appreciable  deviation  from  the  first  deter- 
mination could  be  detected. 

The  revolvin<j  plate-holder,  intended  primarily 
for  the  measurement  of  position  angle  and  the 
orientation  of  the  plate,  is  ver)-  convenient  for 
reversing  the  plate  and  especially  so  for  making 
its  final  adjustment. 


In  igcx)  Kilby'  redetermined  the  wave-lengths 
of  the  arc  and  spark  lines  of  titanium ;  and  the 
conclusion  'drawn  from  his  investigations  was 
that  no  determinable  shift  existed  betw^een  them. 
Accordingly  all  available  wave-lengths,  in  both 
arc  and  spark,  were  used  in  obtaining  for  present 
use  the  laboratory  values  of  the  w'ave-lengths  of 
the  titanium  lines  measured  on  our  plates  between 
A  3748  A  and  A  5064  A.  These  wave  lengths  for 
the  arc  and  spark  of  titanium  have  been  tabu- 
lated by  Dr.  Kayser-  as  determined  by  the  follow- 
ing obsen-ers:  Kilby  (arc  and  spark),  Fiebig 
(arc),  Hasselberg  (arc),  Exner  and  Haschek 
(arc  and  spark),  Eder  and  \'alenta  (spark),  and 
Lohse  (spark).  In  this  list  are  also  included  Row- 
land's observations  referred  to  the  solar  spec- 
trum. Further,  the  obser\'ations  of  the  enhanced 
lines  of  titanium  by  Reese'  and  Lockyer*  were 
used  connectively  with  the  above  list. 

It  should  be  stated  however. that  Kilby 's  results 
are  expressed  on  the  basis  of  the  International 
system,  but  in  astrophysical  work  it  has  been 
customary  to  reduce  all  obsen'ations  to  Row- 
land's standard.  Thus  care  was  taken  to  reduce 
Kilby's  observations  to  the  usual  standard  so  that 
consistency  in  all   results  would  be  maintained. 


The  results  of  the  several  observers  are  in  good 
agreement  and  certainly  within  the  limits  of  ac- 
curacy required  for  this  work,  i)articularly  since 
our  measures  are  for  the  determination  of  rela- 
tive rather  than  absolute  values.  The  mean  of 
the  observations  made  by  the  investigators  named 
above  referred  to  Rowland's  standard  are  found 
in  Table  i,  column  1 1. 

METHOD  01"   MF,.\SL'REMENT. 

On  account  of  the  great  number  of  lines  stud- 
ied, each  plate  w-as  measured  in  two  sections,  the 
first,  from  A.  3748  to  A  4338,  in  the  forenoon,  and 
the  second  from  A  4338  toA  5064,  in  the  afternoon. 
Each  plate  was  measured  twice,  direct  and  re- 
versed, and  throughout  the  reduction  each  half 
was  treated  separately.  Six  settings  were  made 
on  each  pair  of  lines,  approaching  always  from 
the  same  direction  with  a  speed  as  nearly  constant 
as  possible.  Special  care  was  taken  in  order  that 
no  change  in  illumination  should  occur  during 
the  measures. 

REDUCTIONS  AND  TABLES. 

Five  lines,  selected  on  the  basis  of  their  sharp- 
ness and  proper  spacing  on  the  negative  were 
made  use  of  in  computing  two  sets  of  constants 
from  the  Hartmann  interpolation  formula 

C 

where  A„,  C,  and  i?„  are  constants  depending  upon 
the  measures,  A  represents  the  assumed  wave- 
lengths and  R  the  corresponding  screw  readings. 
The  values  of  the  known  quantities  for  three  lines. 
occurring  on  the  first  half  of  the  plate  are 


'^  Aslrofihysical  Journal,  30.  243-267.  1909. 

-  Handbitch  der  Spectroscopie,  6,  674-689. 

'  Ibid.,  19.  322-329.  1904. 

'Tables  of  the  Wave-lengths  of  Enhanced  Lines  in 
the  Publications  of  the  Solar  Physics  Committee,  22-25, 
1906. 


X 

R 

3904950 
4078.632 
4338.082 

51.1863 
64.3705 
79.998S 

for  the  secor 

id  half 

\ 

R 

4338.082 
4623.280 
4981.916 

80.0013 

932674 
106.0266 
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Substituting  these  values  of  each  set  independent- 
]y  in  the  above  equation  and  solving  simulta- 
neously, we  obtain 


Xo=2240.977,  7?e=i90.69O5,  C— 232132.4, 


and 

X<,=2244.oi7,  R»^ioo.6743,  C=23i756.6. 

The  wave-lengths  corresponding  to  the  observed 
screw  readings  may  now  be  easily  computed. 

MEDirM   KXPOSED  PLATES. 

Measures  made  on  the  first  five  plates  were  re- 
duced to  the  dispersion  of  the  first  plate,  and 
those  on  the  remaining  nine  plates  to  the  disper- 
sion of  the  first  five.  The  mean  screw  readings 
R,  derived  from  these  fourteen  plates,  were  used 
for  the  computation  of  their  corresponding  wave- 
lengths A.  It  should  be  stated,  moreover,  that  the 
mean  of  the  prism  temperatures  for  the  first  plate 
was  +I3°.7C,  which  is  about  the  average  for 


this  Observatory. 


With  the  method  of  reduction  employed,  er- 
rors that  arise  in  the  measurement  of  the  first 
plate  would  probably  have  a  disproportionately 
large  efifect  upon  the  final  results.  This  supposi- 
tion was  thoroughly  tested  by  taking  the  straight 
means  of  all  the  previous  measures  of  each  line 
and  reducing  these  mean  settings  to  the  same  dis- 
persion as  above.  An  opportunity  then  presented 
itself  for  making  a  comparison  between  the  two 
different  values  of  R  for  any  line  and  finally  for 
obtaining  the  corresponding  differences  in  wave- 
lengths, which  on  the  average  was  approximately 
0.003  '^>  except  in  one  or  two  instances  where  the 
lines  were  ill-defined.  Although  the  second  re- 
duction showed  these  differences  to  be  very  small 
it  seemed  best  to  make  use  of  them  for  the  deter- 
mination of  the  mean  values  of  the  screw  read- 
ings and  wave-lengths,  R^  and  Am,  which  are  giv- 
en in  Table  i,  columns  i  and  2.  Column  3  con- 
tains the  probable  errors,  P.  £.,  in  Angstrom 
units.  Those  lines  having  probable  errors  large 
enough  to  make  them  unreliable  for  radial  ve- 
locity determinations  were  excluded  from  the 
final  list. 


T.\BLE  I. 

SCHLES-    ROW- 

Rm 

Xm 

P.  E. 

Rm 

Xm 

P.E. 

Xq — Xm 

Xu — Xm 

CI-RTISS 

INGER  &   L.^ND's 

;   rem-\rks 

E.\KER  ST.'\ND.\RD 

(I) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(II) 

(12) 

36.6670 

3748- 121 

0.0048 

36.6660 

3748.1 1 1 

0.0041 

—c.026 

3748.181 

Pi 

37-1598 

3752-985 

0.0030 

37-1592 

3752-979 

0.0022 

—0.024 

-fo.oo6 

3753-057 

3753017 

G6 

37.6559 

3757-879 

0.0039 

376557 

3757-877 

0.0033 

— 0.004 

3757-836 

F3 

37.8120 

3759-428 

0.0028 

37.8120 

3759428 

0.0021 

-)-0.0I0 

— 0.C07 

3759-418 

3759449 

G9 

38.0152 

3761.440 

0.0066 

38.0160 

3761-456 

0.0048 

+0.019 

-fo.ooi 

3761.410 

3761.469 

Gio 

39-04-0 

3771-782 

0.0052 

390468 

3771-780 

0.0045 

—0.004 

3771-809 

P0.3 

40.4654 

3786.220 

0.0033 

40-4655 

3786.221 

0.0028 

-fo.005 

3786.188 

3786.188 

F0.8 

43.1900 

3814-752 

0.0056 

43-1900 

3814-752 

0.0048 

— O.OOI 

3814.722 

3814-723 

F0.5 

48.6691 

3875-441 

0.0078 

48.6689 

3875-439 

0.0067 

— 0.007 

3875434 

F0.5 

49-2995 

3882.724 

0.0052 

49-2999 

.3882.729 

0.0038 

±0.000 

-rO.OIO 

3882.678 

F3  Br  Bl(2 

lints) 

S0.8328 

3900.720 

0.0054 

50.8329 

3900.721 

0.0040 

-f-0.009 

— 0.004 

3900.672 

3900.711 

G8 

51.1864 

3904-926 

0.0061 

51.1868 

3904-931 

0.0045 

±0.000 

-f-O.OIO 

3904-942 

3904.960 

G3 

51-9127 

3913.630 

0.0054 

51-9126 

3913-629 

0.0044 

— 0.002 

3913-640 

F4  Br. 

52.5695 

3921.582 

0.0036 

52-5690 

3921-576 

0.0031 

— 0.016 

3921.584 

Fi 

52.8239 

3924-684 

0.0052 

52-8240 

3924686 

0.0038 

±0.000 

-IO.OO3 

3924-663 

.672 

3924.687 

G2 

5.V2595 

3930-015 

0.0028 

53-2592 

3930-01 1 

0.0024 

— 0.012 

3930-041 

-037 

3930.026 

G1.5 

53-4329 

3932-147 

0.0050 

53-4331 

3932.149 

0.0043 

-J-aooS 

3932.188 

G12 

54-7032 

3947-946 

0.0067 

54-7063 

3947-987 

0.0055 

+0.082 

3947.924 

Gi 

54-7759 

3948.857 

0.0070 

54-7754 

3948.851 

0.0057 

— 0.01 1 

3948.825 

G3 

55-3813 

3956.498 

0.0044 

553808 

3956.492 

0.0032 

— 0.012 

—0.003 

3956.479 

G3 
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Rm 

Xtii 

V.  ]■:. 

R.M 

X.M 

P.E. 

Xo — Xni 

Xu — Xiu 

CURTISS 

SCHLES-        ROVV- 
1N0ER&       l-ANl/s 

HKMARKS 

(I) 

(2) 

(3) 

(4) 

(5) 

(6) 

BAKER     STANDARO 

" 

(7) 

(8) 

(9) 

(10) 

(H) 

(12) 

555296 

3958.380 

0.C047 

55-5294 

3958.378 

0.0034 

—0.015 

—0.015 

.385 

3958.366 

G3-5 

55.8Q24 

3963.004 

0.0031 

558024 

3963.003 

0.0323 

-I-0.C02 

—0.002 

3963.006 

.013 

3963.013 

G1.8 

56.000S 

3964.390 

0.003H 

56.0014 

3964-398 

0.0028 

+0.017 

+0.004 

.408 

3964.429 

G1.8 

57.0676 

3980.936 

0.0042 

57-9678 

3989-939 

0.0031 

—0.003 

+  0.009 

3989-885 

.921 

3989930 

0  7  Br. 

5«-6j88 

3908.S27 

0.0036 

58.638() 

3998-828 

0.0026 

— C.007 

-f  0.008 

3998-805 

.820 

3998.804 

0  7  Br. 

5g.4076 

4009.131 

0.0046 

59-4081 

(4009.137) 

0.0034 

-J-0.038 

— 0.014 

4009.109 

4009.133 

G4Br. 

50.6508 

4012.537 

0.0048 

59.6605 

(4012.547) 

0.0035 

—0.033 

+0.044 

.567 

4012.550 

F3 

60.5617 

4024.833 

0.0042 

60.5611 

4024.824 

0.0031 

+0.017 

—0.030 

4024.733 

0  5  Br. 

60.6063 

4026.681 

0.0067 

60.6915 

4026.614 

0.0057 

+0.028 

4026691 

iFi 

60.8279 

4028.495 

0.0034 

60.8282 

4028.499 

0.0025 

-^-0.009 

+  0.002 

4028.469 

.512 

4028.495 

O4 

60.0833 

40.30.640 

0.0039 

60.9826 

4030.630 

0.0033 

— 0.026 

4030652 

Fi 

62.0S66 

4045-997 

0.0053 

62.0859 

4045-9'<7 

0.0045 

— 0.028 

4045-975 

Fo.5Fe3 

6J.6400 

4053-949 

0.0043 

62.6508 

4053-962 

0.0032 

—0.013 

+0.036 

4053-985 

.982 

4053-982 

02 

6-'.726o 

4055-042 

0.0056 

62.7272 

4055.046 

0.0048 

+0.013 

4055.181 

Fi 

63.10-18 

4060.420 

0.0056 

63.1051 

4060.424 

0.0048 

i-0.0I3 

.412 

4060.422 

G1.5 

63.4097 

4064.781 

0.0046 

63.4093 

4064.774 

0.0039 

— 0.018 

F2  Bl  (2  lines) 

64-3707 

4078.659 

0.0027 

643704 

(4078.654) 

0.0020 

—0.051 

+0.026 

4078-635 

.618 

4078.632 

04 

64.6431 

4082.635 

0.C045 

64.6426 

4082.627 

0.0039 

—0.023 

4082.623 

4082.609 

O2.5 

66.6769 

4112.845 

0.0074 

66.6766 

41 12.841 

0.0063 

— OOII 

4112.882 

4112.874 

F1.5 

67.3056 

4122.384 

0.0063 

67-3053 

4122.380 

0.0054 

— 0.013 

4122.316 

P0.5 

67.3859 

4123.609 

0.0062 

67-3862 

4123-614 

0.0053 

+0.014 

F0.8BI  (2    lines) 

67.6553 

4127.797 

0.0065 

67-6553 

4127.797 

0.0056 

±0.000 

4127.692 

F0.8 

68.2813 

4137.380 

0.0051 

68.2816 

4137-385 

0.0044 

-fo.014 

4137-437 

Fi 

69.1585 

4151-059 

0.0056 

69-1585 

4151-059 

0.0048 

— O.OOI 

Pi 

69.0690 

4163.888 

0.0046 

69.9682 

4163.876 

0.0034 

—0.025 

—0.007 

4163.829 

.845 

4163.820 

G8 

70.4784 

4172.028 

0.004S 

704786 

4172.032 

0.0035 

— 0.022 

+0.023 

4172.071 

.063 

4172.077 

O7 

7 1. 359  J 

4186.282 

0.0048 

71-3590 

4186.280 

0.0035 

— 0.007 

+0.001 

4186.301 

.285 

4186.301 

O2 

73-8400 

4227.591 

0.0075 

73-8404 

4227-582 

0.0064 

—0.024 

Fi5Fe   (?) 

74-4513 

4238.003 

0.0046 

744516 

4238.008 

0.0039 

+0.014 

4238.031 

4238.031 

Fi 

75.5019 

4256.222 

0.0080 

75-5025 

4256.233 

0.0060 

+0.031 

4256.208 

Fi 

75.9070 

4263-3,36 

0.0056 

75-9074 

4263-.343 

0.0041 

4-0.006 

-fo.oio 

4263.366 

.289 

4263.205 

O3-5 

76.5514 

4274-755 

0.0059 

76.5525 

4274-775 

0.0043 

+  0005 

•4-0.036 

4274-736 

.763 

4274.746 

02 

76.7524 

4278.348 

0.0052 

76.7518 

4278-337 

0.0045 

— C.O32 

4278.368 

Fi 

77-6297 

4294-163 

0.0067 

77.6326 

(4294-21S) 

0.0049 

—0.015 

+0.048 

.266 

4294.273 

G5 

78.2786 

4306.024 

0.0076 

78.2794 

4306.039 

0.0056 

+0.002 

+0.029 

4306.081 

G5 

78-3898 

4308.067 

0.0083 

78.3880 

(4308.035) 

00061 

—0.003 

—0.061 

4308.031 

4308.068 

O4 

78-7717 

4315-141 

0.0076 

78.7711 

4315-130 

0.0056 

— C.O37 

+0.005 

4315.066 

O5  BI  (2  lines) 

78.9698 

4318.803 

0.0072 

78.9693 

4318-795 

0.0062 

— 0.025 

4318.797 

4318818 

F2 

79.3491 

4325-886 

0.0065 

79-3491 

4325-8S7 

0.0056 

+0.003 

F2  Bl  (2  lines) 

79-6056 

4330.701 

0.0072 

79.6057 

4330.702 

0.0062 

-j- 0.004 

4330.873 

Fi 

79-9986 

4338.123 

0.0099 

79  9993 

4338.136 

0.0073 

— 0.002 

+0.027 

4338.117 

.082 

4338.081 

Gio 

80.0013 

4338.142 

0.0065 

80.0010 

4338.137 

0.0048 

— 0.027 

-1-0.01 1 

4338.081 

Oio 

80.1800 

4341-522 

0.0042 

80.1799 

4341-521 

0.0036 

—0.003 

4341-534 

Fi 

80.3319 

434t-406 

0.0078 

80.3314 

4344-398 

0.0067 

—0.025 

4344-456 

Fi 

80.6784 

435 1 -01 1 

0.0051 

80.6788 

4351.018 

O.OD44 

+0.022 

4351.001 

Fi 

81.5489 

4367-795 

0.0072 

81.5496 

(4367-80S) 

00053 

—0.049 

+0.063 

4367-823 

.876 

4367-843 

F3 

81.9201 

4375.019 

0.0050 

81.9202 

4375-021 

0.0043 

+0.007 

4374-963 

Fi 

82.5312 

4387.050 

0.0062 

82.5316 

4387.058 

0.0053 

+0.022 

4387-025 

F2 

83-1753 

4399-882 

0.0068 

83.1756 

4399-888 

0.0050 

+0.002 

+  0.010 

4399944 

■931 

4399-944 

G3 

83.4069 

4404-536 

0.0056 

83.4064 

4404-526 

0.0041 

— o.oos 

—0.015 

4404-486 

F2 

KV738-:, 

4411.238 

0.0062 

83.7382 

4411.234 

0.0046 

4  0.023 

—0.025 

4411.252 

G1.5 

84-0593 

4417-766 

0.0042 

84-0595 

(4417-771) 

00031 

—0.037 

+0.037 

4417-844 

0  10  BI  (2lines) 

85-331^ 

4444-049 

0.0097 

85-3305 

4444033 

0.0071 

—0.014 

—0.022 

4444.026 

4443-975 

Oio 

85.5806 

4449-274 

0.0097 

85-5834 

4449-334 

0.0079 

+0.120 

4449-326 

04 

85.6602 

4450-946 

0.0090 

85-6579 

4450.898 

0.0074 

—0.095 

O4  Bl  (2  lines) 
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SCHLE; 

3-    ROW- 

Rm 

Xm 

P.  E. 

Rm 

Xm 

P.E. 

Xo — Xni 

Xu — Mn 

CL'KTISS 

INGER  &   land's 

REM.^RKS 

B.\KER  ST.-\ND.\R1) 

(i) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(II) 

(l: 

2) 

85.7788 

4453-4.^6 

00069 

8^.7806 

4453-475 

0.0056 

+0.078 

4453-589 

G4  BI 

(2  lines) 

85-8732 

4455.437 

0.0071 

85.8719 

4455-411 

0.0058 

—0-053 

.485 

4455.493 

G4 

85.9771 

4457.632 

0.0097 

85.9751 

4457-591 

0.0079 

—0.082 

4457.563 

.596 

4457.603 

G5 

86.4979 

4468.709 

0.0046 

86.4982 

4468.716 

0.0034 

-1-0.02 1 

— 0.002 

4468.692 

.676 

4468.664 

G9 

86.6102 

4471. 113 

0.0082 

86.6115 

4471-140 

0.0070 

+0.076 

4471.298 

Gi  Bl 

(2  lines) 

87.08S2 

44S1.376 

0.0097 

87.0880 

4481-371 

0.0071 

f  0.003 

—0.012 

4481.391 

4481.439 

G3-5 

87.4292 

4488.787 

00095 

87.4290 

(4488.784) 

0.0070 

-t-0.052 

-0.043 

G6  Bl 

(2  lines) 

87.7747 

4496.324 

0.0068 

87.7746 

4496.322 

0.0058 

— 0.O05 

4496.196 

.319 

4496.327 

G3 

88.00S4 

4501.453 

0.0073 

88.0090 

(4501.467) 

0.0054 

+0.044 

— 0.009 

4501.423 

-434 

4501.449 

F  10 

88.5283 

4512.946 

0.0070 

8S.5272 

4512.927 

0.0051 

—0.031 

—0.016 

4512.974 

.909 

4512.906 

G6 

8S.7677 

4518.277 

0.0055 

88.7677 

4518.279 

0.0040 

+0.026 

— 0.016 

4518.246 

4518.202 

G7 

88.9770 

4522.938 

00090 

88.9771 

4522.940 

0.0066 

+0.031 

—0018 

4522.961 

-983 

4522.981 

G7 

89.1760 

4527.421 

0.0097 

89.1767 

(4527-442) 

0.0071 

—0.078 

-1-0.087 

.488 

4527.485 

G5 

899470 

4544.902 

0.0073 

89.9474 

4544-912 

0.0054 

— 0.012 

+0.034 

4544-868 

.875 

4544.864 

G5 

90.4144 

4555.627 

0.0081 

90.4138 

(4555613) 

0.0059 

+C-.053 

— 0.064 

-576 

4555.671 

G  5  close  line 

90.7738 

4563.940 

0.0074 

90.7741 

4563948 

0.0054 

+0.037 

—  0.01 1 

4563.956 

4563.947 

G8 

91.1275 

4572.179 

0.007 1 

91.1276 

4572.181 

0.0052 

+0019 

— 0.009 

4572.158 

Fio 

91.8898 

4590.134 

00079 

91.8894 

4590.124 

0.0068 

— 0.026 

4590.139 

F2 

93.0282 

4617.461 

0.0086 

93.0280 

4617.457 

0.0063 

+0.001 

+0.006 

4617.457 

-458 

4617.440 

G8 

93.2674 

4623.281 

0.0082 

932673 

4623.278 

0.0060 

+0.019 

— 0.019 

4623.285 

.264 

4623.268 

G2.5 

93.9396 

4639.801 

0.0040 

93-9399 

(4639809) 

0.0029 

+0.043 

—0.015 

G8  Bl 

(3  lines) 

94.1608 

4645.2S5 

0.0060 

94.1603 

4645.274 

0.005 1 

— 0.029 

4645.350 

P0.8 

94.6160 

4656.660 

0.0108 

94-6159 

4656.658 

0.0079 

— 0018 

-i-o.oio 

4656.612 

4656.622 

G5 

95.0571 

4667.785 

0.0090 

95-0565 

(4667.770) 

0.0066 

—0.055 

-j-o.oii 

4667.777 

.777 

4667.750 

F4 

95.6177 

4682.078 

0.0078 

95-6175 

4682.074 

0.0057 

+0.007 

—O.OI  I 

4682.072 

.071 

4682.084 

G6 

95.9818 

4691.450 

0.0107 

95-9S19 

4691.453 

0.0092 

+0.010 

4691.504 

F1.5 

96.2702 

4698.930 

0.0065 

96.2708 

4698945 

0.0056 

+0.040 

4698.940 

Fi-5 

97.9324 

4742.929 

0.0081 

97-9326 

4742.933 

0.0069 

+0.012 

.942 

4742.965 

Fi-S 

98.5220 

4758.917 

0.0086 

98-5217 

4758.909 

0.0063 

—0.030 

+0005 

4758.926 

F6  Bl 

(3  lines) 

100.1920 

4805.333 

0.0122 

100.1914 

(4805.316) 

0.00S9 

—0.083 

+0.008 

4805.469 

G4  Bl 

(2  lines) 

101.4365 

4841055 

0.0090 

101.4359 

4841.037 

0.0066 

— 0.007 

—0.031 

4841-003 

.075 

4841.038 

G3 

101.9519 

4856.142 

0.0119 

101.9518 

4856.139 

0.0087 

±0.000 

— 0.006 

4856.211 

.162 

4856.187 

F2 

102.4024 

4869.47s 

0.0102 

102.4025 

4869477 

0.0088 

+0.005 

P1.5  BI  (2  lines) 

102.9296 

4885.255 

0.0099 

102.9300 

(4885.268) 

0.0073 

+0.053 

—0.013 

4885.257 

.268 

4885.249 

G1.5 

103.4192 

4900.077 

0.0093 

103.4194 

4900.085 

0.0054 

+0.023 

4900.089 

G2 

106.0266 

4981.933 

00115 

106.0266 

4981.931 

0.0084 

— 0.01 1 

-f-0.005 

4981.884 

4981.916 

G5 

106.31 18 

4991.194 

0.0054 

106.3118 

4991.193 

0.0040 

— 0.009 

+  0.004 

4991.147 

4991.248 

G4 

106.5729 

4999.728 

0.0066 

106.5728 

4999-726 

0.0048 

+0015 

—0.014 

4999.770 

4999.683 

F4 

106.8060 

S007.393 

o.oi  19 

106.8054 

(5007.376) 

0.0087 

—0.077 

+0.022 

5007.435 

5007.391 

G4 

107.0217 

S014.524 

0.0092 

107.0217 

(5014.524) 

0.0068 

+0.053 

—0.037 

5014-41 1 

F3-5 

107.6730 

5036.280 

O.OI  19 

107.6733 

(5036.289) 

0.0087 

—0.017 

+  0.033 

P2  BI 

(2  lines) 

Lines  of  the  greatest  brightness  in  the  spark 
spectrum  are  referred  to  in  column  12  as  having 
an  intensity  10 ;  other  lines  are  given  an  intensity 
varying  from  9  to  0.2,  depending  on  their  esti- 
mated brightness.  The  character  of  the  lines  is 
denoted  by  the  letters  G,  F,  P,  Bl,  and  Br.,  signi- 
fying good,  fair,  poor,  blend,  and  broad.  Pro- 
visional weights,  ranging  from  o  to  4,  were  as- 
signed to  the  various  lines  for  convenience,  ac- 
cording to  their  character  on  the  negative. 


The  mean  of  the  screw  readings,  i?o  and  /?„, 
made  on  the  over  and  under  exposed  plates  were 
reduced  to  the  dispersion  formerly  used.  Col- 
umn 4  contains  i?jvi,  which  represents  the  weight- 
ed means  of  the  three  values  designated  by  Rmj 
Ro  and  7?„.  The  differences  between  the  wave- 
lengths corresponding  to  these  screw  readings, 
of  lines  having  weights  2.  3,  and  4,  and  the  sim- 
ilar values  in  Rowland's  standard  were  then  plot- 
ted   as   ordinates   aoainst    their   wave-lengths   as 
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abscissae  and  a  correction  curve  w'as  drawn 
through  these  resithials.  In  drawing  tiiis 
curve  those  Hnes  which  showed  pronounced 
changes  in  position  with  variation  of  exposure 
time  were  not  taken  into  account.  The  computed 
wave-lengths  were  then  corrected  from  the  cor- 
rection curve  and  their  final  values,  Ajy,  corre- 
sponding to  their  screw  readings,  A'y,  are  given 
in  column  5.  Lines  which  change  their  relative 
positions  are  enclosed  in  parentheses  and  are  to 
be  considered  as  unreliable.  Columns  7  and  8 
contain  respectively,  Ao  —  Am  and  A„  —  Am.  where 
Ao  is  the  wave-length  of  any  line  determined  from 
the  over  exposed  plates  and  A^  the  corresponding 
wave-lengths  determined  from  under  exposures. 
The  quantities  in  these  two  columns  thus  show  at 
a  glance  the  effect  of  varying  exposure  on  the 
positions  of  the  several  lines.  The  final  proba- 
ble errors  for  lines  measured  on  the  three  sets 
of  plates  are  found  in  column  6. 

In  the  first  column.  Table  II,  are  found  the 
screw  readings  for  each  whole  turn  of  the  screw. 
and  the  corresponding  values  of  A  and  dk/dR  are 
given  in  the  next  two  columns.  The  last  two 
columns  give  the  values  of  diydX,  derived  by 
dividing  the  velocity  of  light  in  kilometers  per 
second  by  the  wave-length,  and  the  values  of 
dl'/  dR,  which  represent  radial  velocities  result- 
ing from  each  half  turn  of  the  screw-.  The  re- 
sults tabulated  here  are  for  future  reference,  in 
connection  with  work  done  at  this  Obser\-atorv. 


dR 
(5) 


(i) 

37 
38 
39 
40 
41 
4-' 
43 
44 
45 
46 
47 
48 
49 
50 


TABLE  II. 

(A 

X 

dv 

dR 

rfX 

(2) 

(3) 

(4) 

983 

3751 

79-94 

9.96 

3761 

79-73 

1009 

3771 

79-52 

10.22 

3781 

79-31 

10.36 

3792 

79.08 

10.50 

3S02 

78-87 

10.64 

3813 

78-64 

10.79 

3824 

78-42 

10.94 

3834 

78.21 

11.09 

3845 

77  99 

11.24 

3857 

77-74 

11.40 

3868 

77-52 

11.56 

3879 

77-30 

"•73 

3891 

77-07 

11.90 

3903 

76-83 

794 
802 
811 
S19 
828 
837 
846 
856 
86s 
874 
884 
894 
9a+ 
914 


R 

(I) 


53 
54 
55 
.56 
57 
58 
59 
60 
6l 
62 
63 
64 
6s 
66 
67 
68 
69 


90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
Id 
102 
103 
104 
105 
106 
107 
108 


d\ 

X 

dv 

dv 

dR 

d\ 

dR 

(2) 

(3) 

(4) 

(5) 

12.07 

3915 

76-59 

924 

1224 

3927 

76-36 

935 

12.42 

3939 

76-13 

946 

12.61 

3952 

75.88 

957 

12.80 

3964 

75.65 

968 

12.99 

3977 

75.40 

979 

I318 

3990 

75.15 

995 

13.38 

4004 

74.89 

1002 

13-59 

4017 

7465 

1014 

13-80 

4031 

74.39 

1027 

14.02 

4045 

74.13 

1039 

14-24 

4059 

7388 

1052 

14.46 

4073 

73.62 

1065 

14.69 

40SS 

73-35 

1078 

1+93 

4103 

73-08 

1091 

15-17 

4118 

72.82 

1105 

15-42 

4133 

72.55 

1119 

15.68 

4149 

72.27 

1 133 

1594 

4164 

72.01 

1 148 

16.20 

4180 

71-73 

1 162 

16.48 

4197 

71-45 

1177 

16.76 

4213 

71-17 

1193 

17-05 

4230 

70.89 

1209 

17-34 

4248 

70-59 

I22| 

17-65 

4265 

70.31 

I24I 

17.96 

4283 

70.01 

1257 

18.28 

4301 

69-72 

1274 

18.61 

4319 

6943 

1293 

18.92 

4338 

69.12 

1308 

19.27 

4357 

68.82 

1326 

1963 

4377 

68.51 

I  its 

19.99 

4397 

68.20 

1363 

20.37 

4417 

67.89 

1383 

20.76 

4437 

67-58 

1403 

21.15 

4458 

67.26 

1423 

21.56 

4480 

66.93 

1443 

21.99 

4501 

66.62 

146s 

2242 

4524 

66.28 

i486 

22.87 

4546 

65.96 

1509 

23-33 

4569 

65.63 

I53I 

23.80 

4593 

65.29 

1554 

24-30 

4617 

64.95 

1578 

24.80 

4641 

64.61 

1602 

25-32 

4667 

6+25 

1627 

25.86 

4692 

63.91 

1653 

26.41 

4718 

63.56 

1679 

26.99 

4745 

63.19 

1705 

27.58 

4772 

62.84 

1/33 

28. 19 

4800 

62.47 

1761 

28.82 

4829 

62.10 

1790 

29.48 

4858 

61.72 

1820 

.30.15 

4S88 

61.35 

1850 

30.85 

4918 

60.97 

1881 

31-58 

4949 

60.59 

1913 

32-33 

4981 

60.20 

1946 

33-10 

5014 

59.80 

1979 

3391 

5047 

59.41 

2015 
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PARALLEL    RESULTS. 

Ten  plates  by  Curtiss  and  eight  plates  by 
Schlesinger  and  Baker,"  made  with  the  Mellon 
spectrograph  of  Allegheny  Observ^atory.  were 
reduced  separately  so  as  to  conform  to  the  above 
results.  The  final  wave-lengths  of  the  lines  meas- 
ured on  th.ese  two  sets  of  plates  are  given  in 
Table  i,  colunins  9  and  10.  The  lines  whose  com- 
puted wave-lengths  differ  by  more  than  o.i  A 
from  Rowland's  standard  are  A  3947,  A.  4330, 
A  4344.  A  4455,  and  A  4555.  The  wave-lengths  of 
the  two  adjacent  lines  A  4555  and  A  4552  are  re- 
spectively 0.22  and  o.  II  less  than  the  laboratory 
wave-lengths.  The  latter  line  was  not  included 
in  the  table  for  reasons  stated  above.  Schlesinger 
and  Baker  found  the  differences  for  these  two 
lines  to  be  respectively  0.09  and  o.ii. 


'  Piihlications  of  the  Allegheny  Observatory,  i,  No.  2, 


CONCLUSIOX. 

'J'he  conclusion  drawn  from  this  investigation 
is  that  certain  lines  in  the  titanium  comparison 
spectrum  change  their  relative  positions  with  va- 
riation of  exposure  time.  This  displacement  is 
probably  due,  excepting  in  the  case  of  titanium 
lines  which  naturally  blend  under  low  dispersion, 
to  the  presence  of  air  lines,  although  they  appear 
to  be  comparatively  faint.  ]\Iore  self-induction 
may  be  introduced  into  the  electrical  circuit  to  re- 
duce the  relative  brightness  of  the  air  lines.  There 
could  be  no  objection  to  such  a  change  since  lab- 
oratory investigations  under  high  dispersion  indi- 
cate that  the  variation  of  the  wave-lengths  caused 
by  this  alteration  in  the  condition  of  the  spark 
circuit  is  too  small  to  affect  the  work  of  this  in- 
strument. But  in  any  case  it  would  seem  advis- 
able to  employ  those  comparison  lines  which  were 
found  to  be  unaffected  by  variation  of  exposure 
time. 

I  wish  to  express  my  thanks  to  Dr.  Curtiss, 
whose  kindly  interest  and  criticism  have  been  of 
great  importance  throughout  this   investigation. 

August,  1913. 


OBSERVATIONS  OF  DOUBLE  STARS  DISCOVERED  AT  LA  PLATA 


TIIIRTEEMH  CATALOGUE 
By  W.  J   HUSSEY 


The  search  wliich  has  yielded  llie  new  double 
stars  of  this  Catalogue  is  an  extension  of  the 
survey  of  the  northern  sky,  which  was  begun  by 
me  at  the  Lick  Observatory  early  in  the  spring 
of  1899,  and  afterward  independently  by  Profes- 
sor Aitken.  This  survey  was  conducted  jointly 
by  us,  with  a  zonal  division  of  the  sky,  from  July. 
1899,  when  we  each  first  learned  that  the  other 
had  begun  such  work,  until  1905,  when  I  re- 
turned to  the  University  of  Michigan.  Professor 
Aitken  has  continued  the  work  since  that  time 
and  with  more  than  2,700  discoveries  to  his  credit 
he  has  now  nearly  completed  the  survey  of  the 
northern  sky.  And  by  reason  of  my  connection 
with  the  University  of  La  Plata  I  have  been 
able  to  commence  the  examination  of  the  south- 
ern stars. 

This  systematic  search  for  new  double  stars, 
which  has  now  resulted  in  more  than  four  thou- 
sand discoveries,  had  its  inception,  so  far  as  I 
am  concerned,  in  a  suggestion  respecting  the 
need  of  such  work,  made  by  Professor  Keeler, 
in  June,  1898,  at  the  time  he  assumed  his  duties 
as  Director  of  the  Lick  Observatory,  and  again 
later  in  the  same  year,  when  in  connection  with 
the  work  which  I  was  doing  on  the  double  stars 
of  the  Pulkowa  Catalogue,  new  components  to  a 
few  of  the  Otto  Struve  double  stars  and  occa- 
sional new  pairs  in  the  vicinity  of  these  were 
found. 

The  double  stars  of  the  present  Catalogue  were 
discovered  with  the  17-inch  refractor  of  the  La 
Plata  Observatory,  mostly  during  the  latter  part 
of  191 1.  No  micrometer  was  then  available  for 
measuring  position  angles  and  distances  with  this 
telescope,  but  it  was  expected  that  one  would  be 
fitted  to  it  in  a  few  months  and  that  measure- 
ments could  then  be  made  of  the  new  pairs  which 
were  being  found.  After  my  return  to  La  Plata 
in  July,  1912,  however,  my  time  was  so  taken 
with  other  duties  that  I  was  not  able  to  give 
much  attention  to  this  work  and  consequently 
many  pairs  are  still  unmeasured.     In  order  not 


to  dela)-  the  announcement  of  these  discoveries 
too  long  some  are  included  in  this  list  with  the 
rough  estimates  only  of  position  angle  and  dis- 
tance which  were  made  at  the  time  of  discovery. 

The  numbers  assigned  to  the  double  stars  of 
this  Catalogue  are  in  continuation  of  those  given 
in  my  earlier  catalogues  of  new  double  stars, 
printed  in  The  .Istronoinical  Journal,  Nos.  480, 
485,  494,  and  in  the  Bulletins  of  the  Lick  Ob- 
servatory, Nos.  12,  21,  27,  57,  65,  74,  yy,  81,  117. 
The  number  of  double  stars  announced  in  these 
twelve  catalogues  is  1337.  While  at  the  Lick 
Observatory  I  suspected  a  faint  and  compara- 
tively close  companion  to  the  principal  compo- 
nent of  2  1448,  whose  existence  has  since  been 
verified  by  Professor  Aitken  with  the  large  re- 
fractor of  the  Lick  Observatory.  His  measures 
of  it  are  given  in  Lick  Observatory  Bulletin,  No. 
184.  with  the  designation,  PIu.  1338.  According- 
ly the  present  list  begins  with  IIu.  1339  and  con- 
tinues to  Hu.  1550.  A  number  of  additional 
pairs  have  been  found  at  La  Pbta.  which  will  be 
published  in  a  subsequent  list. 

The  right  ascensions  and  declinations  given 
below  are  for  the  epoch  1875.  They  have  been 
taken  from  the  Cape  Photographic  Durchmuster- 
ung.  The  sidereal  time  of  observation  and  the 
power  used  are  given  in  the  last  two  columns. 


Mu.   1339.     C.P.D.  —54'    19 

R..\.  o"  2"'  4.?';  Decl.  —54°  4l'-8. 
(7.5     .    .    .     8-.S) 
1913.787 


284^ 


670 


Hu.  1340.     C.P.D.  —48=  76 

R.A.  o"  y?'"  46';  Dccl.  —48'  34' -I 
(8  8     ...    9-5) 
1913.71S       211.2        1.57       22.6       670 
.819       213.2        1.62         5.0       400 

1913.-7         212.2        1.60 

Hu.  1341.     C.P.D.  —45'   112 

R.A.  o"  55"'  30';  Decl.  —45°  58'. 5 
(9.0     .    .    .     10.5)     nf.     2" 
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Hu.  1342.     C.P.D.  —57^  251  Hu.   1353.     C.P.D.  —56=  506 

R.A.  1"  4'"  9';  Decl.  —57"  15'. 7  R.A.  3"  10"'  24';  Decl.  —56'  31'. 8 

(7-0     .    .    .     7-5)  (9-5     ■     .     .     II. 5) 

1913-819        34fi-'        0.33          5.9        670  1913.787        190.6        2,59          0.5        300 

Hu.  1343.     C.P.D.  —46°   121  Hu.  1354.     C.P.D.  —43°  351 

R..\.  1"  6'"  I';  Decl.  —46°  7'. 8  R- '*^.  3"  12'"  54";  Decl.  —43°  52'. o 

(8.5     .    .    .     8.8)  (■^■4     .    .    .     13.0) 

1913.71S        252.8        3.60        23.0        300  1912.853        161. 4        2.08          ...         300 

.856        160.7        2.21  1.3        300 

Hu.   1344.     C.P.D.  —47°   174  ^       ^^       2^        0.4       300 

R..\.  1"  25"  51';  Decl.  —47°  2'. 2  1912.86          161. 3        2.16 
(8.8     .    .    .     9.2) 

1913.718        103.0        1.55        23.3        300  Hu.    1355.     C.P.D.  —45°   328 

R..\.  3"  15'"  14';  Decl.  —45°  T,i'.y 

Hu.   1345.     C.P.D.  —57^  330  (8.4    .   .  .    12.0) 

R.,-\.  i"2y"30-  Dec!.  -57°38'.5  ""'•''^•'^        ■"^■-         '^^          ""^        ^°° 


(6.5     .    .    .     12.0) 


(9.0     .    .    .     9.0) 


.916        314.3         1.57  1.2        300 


1913.7S7        201.0        5.42        23.3        300  igi2.88  3T4.4        i.;i 

Hu.    1346.      C.P.D.   4=;'    i8q  -^  neighboring  pair  was  measured  as   follows: 

1912.859        287.6         5.06  0.7        300 

R.A.  I-  35'"  10';  Decl.  -45°  40'. 2  Magnitudes:     9.^     ...     9.8 

f8.5     .    .    .     10.5)     nf.     5" 

Hu.  1356.     C.P.D.  —45"  339 

Hu.  1347.     C.P.D.  —48=  24s  ,  ^    ,  o      , 

^^^  ^  ^^  R.A.  3''  20'"  39  ;  Decl.  —45     3i  .0 

R.A.  2"  I'"  53';  Decl.  —48°  24'. o  (9.5     .    .    .     10.5) 

(9.0     .    .    .     9.5)  1912.853         181. 4        1.40  i.o        300 

1913.718        320.0        0.83        23.7        300  .859        182.5        1.44  0.9        300 

.916        183.5        1.54  1.2        300 

Hu.  1348.  C.P.D.  —  57-  448  7^;7i7   ";^   7.":;6 

R.A.  2"  2:;"  .33';  Decl.  —57'    i8'.o 

(10     ...     10)     120'    o".5  Hu.    1357.      C.P.D.  —55=    527 

R..\.  3"  2i'"  32';  Decl.  —55°  54'. 2 
Hu.  1349.     C.P.D.  —48'  286  (8.0    .  .  .    8.2) 

r,    \        I,         ,„         ,      T^      ,  00         ,  1913.787  20.8  1.35  0.9  300 

R.A.  2"  27"'  II';  Decl.  —48    54  .3 

o     '^'^    <;   ■    'o  o"'-'''  Hu.    1358.      C.P.D.   —49'   436 

1913.718        332. 8        8.85  0.1        300  ■'■'  ^-^       "* 

R..\.  3"  34'"  16':  Decl.  —49°   l.?'.4 

Hu.  1350.     C.P.D.  -54°  464  '^'-^    ■   ■  •    ""^    ''°°    '" 

R.A.  2"  35"'  4.3^  Decl.  -54°  57'. 2  Hu.    1359.      C.P.D.  —47"    382 

(8.8    .   .   .     10. d)     210°    o".5 

R.A.  3"  43'"  49^  Decl.  —47    23  .g 

(9.3     .    .    .     9.3)     130'     o".8 
Hu.  1351.     C.P.D.  —48'  311 

R..\.  2-  46"'  7-;   Decl.  —48°  37'. 3  Hu.    1360.      C.P.D.   —42^    378 


R.A.  3"  52'"  15';  Decl.  —42°  59'. 4 


1913. 718        108.6        1.42  0.3        300  (9.2     .'.    .     9. 

1912.853  39.1         1.59  1.2        300 


Hu.    1352.      C.P.D.  —56°   478  .856  36.1         1.62 

R.A.  2"  53'"  34';  Decl.  —56°  43'. i 


300 


859  36.6        1.83  I.I        300 


(9.5     .    •    .     10. 0)     185°     i".5  1912.86  37.3        1.68 


PLir.IJCATIONS  OF  THK  r)I',SF.R\'ATr)RY 
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I  In.  1361.     C.P.D.  —48"  418 

K.A.  .V  52'"  21";   Decl.  —48'  8'.o 
(-.7     ■    •    .     11-2) 
1912. 8g4  83.0        4.33  1.3        300 

.897  82.5        4. 1 1  I.I        300 


1912.90 


82.8 


4.22 


I  III.  1362.   c.r.D.  —48^  437 

K.A.  4"  00'"  02";  Ofcl.  —48'   5'--' 

(9.5     .    .  .     10.5) 

1912.894          65.0  J. 1 1           r.4        300 

.S97          62.6  1.96          1.2        300 


1912.00 


63.8 


.04 


Hu.  1363.     C.P.D.  —22'  458 

R..-\.  4''  01'"  ^y ;  Decl.  — 22°   19'. 7 
(7-5     •    .    .     7-5)      -.•     o".3 

Hu.  1364.     C.P.D.  —54°  626 

R.,\.  4"  3'"  53";   Uecl.  —54°   19' .7 
(9.2     .    .    .     11.5) 
1912.877  S3. 9         5.00  0.9        300 

1913.787  84.7         5.17  1.3         300 


1913-33 


^.o8 


Hu.   1365.     C.P.D.  -44^  455 

R.A.  4"  12'"  48";  Decl.  —m"  36'. o 
(9.0     .   .    .     9.5) 
1912.853        340.6        1.93  1-4        300 

.856        341.0        1.94  2.2        300 

.859        343.0        1.96  1.2        300 


I9I2.f 


3-)i. 


1.04 


Hu.  1366.     C.P.D.  —30°  573 

R.A.  4"  12'"  59';   Decl.  —30°   10'. 5 
(9.3     ...     ii.o;     260°     2" 

Hu.  1367.     C.P.D.  —48'  488 

R.A.  4"   19'"  8';  Decl.  —48°    il'.5 
(9.3     •    •    •     9-3)     260°     o".8 

Hu.  1368.     C.P.D.  —54"  658 

R.A.  4"  20'"  45";  Decl.  —54°  8'. 4 

(9.2     ■    .    .     9-5) 

1912.877  56.6        2.26  1.3        300 

1913.787  56.1         2. 28  1.4        300 


Hu.  1369.     C.P.D.  — 29'  572 

R..\.  4''  20'"  49";   Decl.  — 29'  2'. 3 
(9.0     .    .    .     95)     330°     o".5 

Hu.  1370.     C.P.D.  —56^  679 

R.A.  4''  24'"  54';  Decl.  — 56°  ii'.o 
(8.8     .  ..    .     9.5) 
1912.877        130-4        6.76  r.6        300 

.951         138.7        6.54  2.7        300 

1913.787        139.6        6.59  1.6        300 


1913.20 


1.39. 


6.63 


Hu.   1371.     C.P.D.  —31'  560 

K..\.  4''  28'"   13";   Decl.  — 31°  23'. 3 
(8.8     .    .    .     8.8)     ...     o".7 


Hu.   1372.     C.P.D.  — 42'  492 
R.A,  4"  28'"  31";   Decl.  —42°  46'. 3 


(9.2   . 

.  .  9.8) 

1912.853 

280.1 

3.90 

1.8 

300 

.856 

281.4 

3.97 

2.3 

300 

.859 

280.2 

3.73 

300 

280.6      3.87 


Hu.  1373.     C.P.D.  —55^  666 

R.A.  4"  32"'    I";   Dec!.  —55°   17'. 6 

(9.2     .    .    .     9.8) 

1912.877  80.1         I. 15  1.8        300 


Hu.  1374.     C.P.D.  —24'  691 

R.A.  4"  37'"  58';  Decl.  —24°  44'. 3 
(9.0     .    .    .     10.0)     90°     o".7 


Hu.   1375-     C.P.D. 

R.A.  4''  39'"  19' ;  Dec!. 


■55' 


(8.0  .  . 

.  12. 

0) 

191 

2.877 

179-5 

4.0'') 

1.9 

300 

.932 

183.4 

3.46 

2.0 

300 

.938 

182.5 

3-90 

2.0 

300 

-943 

180.2 

3-62 

2.9 

300 

1912.92  181.4       3.76 

Hu.   1376.     C.P.D.  —44'  527 

R.A.  4"  42'"  06';  Decl.  —44°  3o'.7 
(8.5     -    -    -     10.5) 
1912.853        314.8        B.i7  2.2        300 

-856        315-8        5-42  2.6        300 

.859        315-5        5-51    .     ----        300 


1913-33 


56.4 


2.27 


1912.86 


315-4        5-43 


150  UNIVERSITY  OF  MICHIGAN 


Hu.  I, 

377- 

C.P.D.  - 

-44° 

536 

R.A.  4* 

'  43"  : 
(10. 0 

0^ : 

Decl.  - 
.    .     10. 

-44° 
5) 

35'.  9 

1912.853 

325 

.4 

6.02 

2 

•4 

300 

.856 

325 

.8 

5-QO 

2 

•7 

300 

.859 

325 

■  3 

6.07 

300 

1912.86         325.5        6.00 


Hu.  1378.     C.P.D.  -42^  534 


.919       272.9       1.25         2.2       300 


1912.90        272.9       I. 19 


Hu.  1386.     C.P.D.  -45^  570 

R..\.  5"  04"'  04';  Decl.  —45°  55'-8 
(8.5     .    .    .     12.0) 
1913-859  53.1        7.96  2.1        300 

.916  52.9        7.84  2.2        300 


1913-87  530        7.90 

Hu.  1387.     C.P.D.  —42=  608 

R.A.  5''  4"'  22';  Decl.  — 42°  32'. 5 
R.A.  4'  43"'  58';  Decl.  — 42°  06'. 6  (9.0     .    .    .     10. 0) 

(9.0     .    .    .     10. o)  1912.916        2.38.4        0.91  2.0        300 

1912.859        273.0        0.98  1.6        300 

.916       272.9       1.33         1.8       300  Hu.  1388.     C.P.D.  —49°  658 

RA.  5"  6'"  33';  Decl.  —49°  30'. 4 
(9.0     .    .    .     9.0) 
1912.845  98.5        0.93         ....         300 

Hu.    I37Q.       C.P.D.    — •57''    707  TT  o  o  n  T^  o 

'^'-  0/     /  /  Hu.  1389.     C.P.D.  — 31°  740 

R.A.  4"  48'"  00';  Decl.  —57°  56'. 8 
(8.5     .    .    .     9.0)     300°     o".7 

Hu.  1380.     C.P.D.  —33"  621 

R.A.  4"  48"^  o6^  Decl.  —33°  18'. 5 
(8.5     .    .    .     10.5)     240°     2" 

Hu.  1381.     C.P.D.  -32^^  635 


R..\.  5"  II'"  28^  Decl.  —31"  05'. 5 
(8.0     .    .    .     8.5)     130°     I" 


Hu.  I 

390.     C.P.D 

-55"  772 

R.A.  5 

(9.0     . 

Dec 

1.  - 
9.5 

-55°   2l'.9 

1912.877 

1.37-0 

I. 

67 

2.8 

.932 

136.6 

I 

.99 

3.5 

-935 

136.1 

I 

■71 

3.0 

300 
300 


R.\.  5" 

15'"  42'; 

Dec!.  —  55'  so' 

.3 

(8.8    . 

.    .     10.2) 

1912.877 

201.2 

230          2.9 

300 

■  932 

198.8 

2.iS              3.3 

300 

.935 

199.7 

2.30              3.2 

300 

R.A.  4"  49"'  19';  Decl.  —32°  12'. 4  -935        136. i         1.71  30        300 

(8.5     .    .    .     II. o)     300°     2"  ~Z~1 

1912.91  136.6        1.77 

Hu.  1382.     C.P.D.  -31°  664  Hu.  1391.     C.P.D.  -55=  787 

R.A.  4'  53"'  54';  Decl.  —31°  so'.o 
(8.5     .    .    .     10. o)     20°     i" 

Hu.  1383.     C.P.D.  —55°  722 

R.A.  4"  55'"  20';  Decl   —55°  42'.! 
(8.5     .    .    .     II. o) 
1912.877  2.9        3.31  2.4        300  'y'-'-y'         "'"'■"        '■'" 

•^^'  t'l       ^■°^        ^1       ^°°  Hu.  1392.     C.P.D.  -44°  595 

.935  6.6        3.23  2.6        300  -^^  ^     ^''^ 

R..A.  5"  21"  21';  Decl.  —4-1°  35'. 9 

J5'2.9i  5.3        3.21  ,8.8     .    .    .     II. 5) 

1912.856  21.8        3.80  3.1        300 

Hu.  1384.     C.P.D.  —43=  530 

R.A.  4'  56"'  00';  Decl.  -43°  30'. 4  H"-  ^393-     C.P.D.  —33=  852 

(9.2     .    .    .     11.5)  R.A.  5"  30™  52';  Decl.  —33°  21'. I 
1912.853        339.7        4.78          2.5        300  (7.0     .    .    .     7.0I     ...     o".3 

.856        338.8        4.73  2.8        300 

■859        341.5        5.01         ....         300  Hu.    1394.      C.P.D.  — 42"   709 


1912.86  340.0        4.84  R.A.  5"  33"'  22';  Decl.  —42°  47'. 5 

(8.8     .    .    .     II. o) 
Hu.  1385.     C.P.D.  —27,°  676  1912-856       120.4       4-07        3-4       300 

.S59        II9-6        3-94        ---•         300 


R..A.  4"  57"'  03';  Decl.  —23°  54'.? 


(9-5     •    •   •     9.5)     i".5  1912.86  120.0        4.00 


PUDLICATIOXS  OF  THE  OBSERVATORY 

Hu.  1395.     C.P.D.  —56"  949  I  III.  1402.     C.P.D.  —55'  92r 

K.  \.  5"  ^8'"  01';  Dccl.  -56"  50'.!  K.A.  5"  57-  36';  Dccl.  -55'  13'. 4 

^^■5        .      •      •        9-0)  (8.7        .     .      .        g.g) 

1912.877    55.6    1.05    3.7   300  1912.877   294.4    1.23    3.3   300 

.932    51.0   0.86    4.0   300  .g32   294.8   1.22    4.3  ■  300 
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■  935  .^71         I -06  3.6        300  .935        ,95.6 


R-A.  5'  5"'"  35';  Decl.  —44°  41'. 4 
(g.o     .    .    .     10. o) 
1912.856  90.8        3.20  3.7        3CX) 

.859  91.8        3.33  ...        300 


1912.856        212.5        I-9I  3-8        300 

.859        215.5        1-69  ...        300 

.916        214.0        1.86  2.7        300 


1912.88  214.0        1.82 


1.27  3.9        300 


1912.91  55.6        0.99  1912.91  294.9        1.24 

Hu.  1396.     C.P.D.  -30=   1071  ,,„    ,_^o3.     C.P.D.  -48-^  767 

R..\.  s"  49'"  00';  Dccl  — xo"  42'. I 

(8.6     .    .    .     lo.o)     ,40°     2^  ''■•^-  5"  58'"  -.2';  Decl.  -48'  56'.. 

(9.0     .    .    .     9-3) 
1912.845  91.8        1. 18  2.8        300 

Hu.  1397.     C.P.D.  —44'  744  1913.241         90.8       1.37        9-1       300 


.244         88.8       1,28         8.7       300 


1913-11  90. 5 


.916        88.7       3.38        2.6       300  Hu.  1404.     C.P.D.  —54°  950 


1912.89  00. 4        3.30  R-A.  6"  00'"  5";  Decl.  —54°  21'. 8 

(9.0     .    .    .     10. o) 
1912.877        184.6        0.95  3.8        300 

Hu.  1398.     C.P.D.  —41'  853  .932       188. 1       0.78        4.5       300 

R..^.  5"  53'"  n";  Decl.  —41°  46'. 2  -935        185-0        1.15  4-i        300 

(8.0     .    .   .     8.5)  -938        187. I         I. 01  3.3        300 


1912.92  186.2        0.97 


Hu.  1405.     C.P.D.  -43^783 


R..\.  6"  10'"  17';  Decl.  — 43°  06'. I 

Hu.    1399.     C.P.D.   —31=   976  ,     ^^-'^    „   ■    •     '°°^ 

•^'^                           -^        '''  1912.916        211. 8        2.43          3.2        300 

R-A-  5"  55'"  40';  Decl.  —31°  03'. 0  1913.244        208.0        2.45         10. o        300 

(9-0     ...     9.5)     340°     o".8 

Companion  of  Cordoba  General  Catalogue  pair.  1913.08          209.9        2.44 

Hu.  1400.     C.P.D.  —54=  936  Hu.  1406.     C.P.D.  —56°   1043 

K..A..  5"  57™  16';  Decl.  —54°  37'. 3  R..\.  6"  13"'  10';  Decl.  56=  6'. 8 

(8.5     .    .    .     9.8)  (9.0     .   .    .     11.5) 

1912.877          13.6        2.45          3.4        300  1912.877        189.8        2.37          4.2        300 

.924          13-4        2.08          2.3        300  .935        187.7        2.48          4.2        300 

.932          14-6        2.31          4.3        300  .938        187.5        2.37          3.5        300 


1912.91            13.9        2.28  1912.92          188.3        2.41 

Hu.  1401.     C.P.D.  —56=  982  liu.  1407.     C.P.D.  —57"  973 

R..\.  5"  57'"  20';  Decl.  —56=  38'. 2  R..\.  6"  13"'  21';  Decl.  —57°  00' .8 

(8.8     .    .    .     11.5)  (8.5     .    .    .     11.2) 

1912.877        212.7        4.97          3.5        300  1912.877          77.1        2.69          4.1        300 

.932        213.0        5.07          4.1        300  .935          79.3        2.45          4.4        300 

•935        213.7        5-09          3.7        300  .938          76.7        2.89          3.7        300 

1912.91    213. I    5.04  1912.92     77.7    2.68 
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Hu.  1408.    C.P.D.  —42°  890  Hu.  1415.     C.P.D.  —44°  1018 

R.A.  6"  IS"  21/;  Decl.  —42°  25'. 9  r  a.  G'  33"'  5';  Decl.  —44°  57'. 3 

(8.8     .    .    .     Q.o>  (7.6  '.    .    .     12.0) 

1912.900           6.4        0.54          3.8        300  1912.900          28.9        2.01          4.3        300 

.916           8.4        0.5S          3-3        300  .916          32.6        1.82          3.8        300 

1913.244          13-4        0.42        10.2        6;o  1913.244          26.7        1.89        10.6        670 

1913.02             9.4        0.51  1913.02            29.4        I. 91 

Principal  component  of  h    3882. 
Hu.  1409.     C.P.D.  —56°  1059 

R.A.  6"  17'"  II';  Decl.  —56°  30'. 8  h  3882 
(9.0     .    .    .     12.0) 

1912.8.77        201.1         1.89          4.5        300  1912.900        331.0        7.92          4.4        300 
.938        201.9        2.17          3.8        300 

,1  -       20,  Hu.  1416.     C.P.D.  —42=   1051 

R.A.  6"  41''  40';  Decl.  —42°  24'. I 

Hu.   1410.     C.P.D.  —46"  817  (8.6    .   .   .     10. o) 

R.A.  6-  2a-  so-  Decl. -46=   .2'. 2  '^''-^^          f"'^        '-^^          -t-6        300 

(gg"                J,-)       "  -916          85.6        I. 18          4.1        300 

1912.845        3.5.8   '    '6.59'      3.4        300  '913.244        _88.o        1.05        II. I        300 


.51 


.919        3191        6.23  3.6        300 

1913.241        316.2        6.64  9.4        300 


(9.2     .    .    .     9.2)     130°     o".5 


Hu.  1412.     C.P.D.  —44°  916 


.916       263.0       3.72        3.6       300 


R..\.  6"  24'"  54';  Decl.  —44° 


(8 

.8  .  . 

.     12.0) 

1912.856 

29.8 

1.39 

4.2 

300 

.900 

29.5 

1.47 

4.0 

300 

.916 

29.1 

1-44 

3.5 

300 

1913.244 

295 

1.42 

10.9 

670 

1913.02  85.4        I. 17 


1913.00        317.0      6.40  Hu.  1417.     C.P.D.  1103. 

Hu.    1411.      C.P.D.  —55°   998  R.A.  6"  51™  00';  Decl.  —45°  44'. i 

(8.4     .   .    .     9.2) 
R..\.  6    23-  18-  Decl.  -55°  5'. 3  1912.856        142.0        1.32  4.8        300 


.900        145.9        1-59  4-8        300 

.916        143.6        1.28  4.2        300 


1912.87  143.8        1.40 


R.A.  6"  24'"  32':  Dec!.  —44°  42'. 8 
(8.8     .    .    .     12.5) 
1912.856        263.4        3-88  4.0        300  Hu.    1418.      C.P.D.   —45='    1 175 


R..\.  6"  59'"  13';  Decl.  —45°  34'. o 


1012.89  263.2        3.80  (8-0     •    .    •     10-5) 

1912.856        338.6        2.55  4.9        300 

Hu.    1413.      C.P.D.  -44^   917  ■'^        ^^«i        --f  -*-9        300 


1912.89  339.6        2.57 


Hu.  1419.     C.P.D.  — 44-   1254 

R.A.  7"  oo"'-  12^  Decl.  —44°  28'. 5 
(8.5     .    .    .     13.5) 
1912.916        304.8        3.41  4.6        300 

1913.244       30S.8       2.94        n.3       300 


1913.08         306.8 


1912.98  29.5        1.43 

Hu.  1414.     C.P.D.  —42°  981 

R..\.  6''  32™  24';  Decl.  —42°  31'. 6 
(9.2     .    .    .     9.2) 
1912.916         97.0       0.54         3.9       300  Hu.   1420.     C.P.D.  — 43-    1209 

1913. 244         96.1        0.44        10.5        670 

R..^.  7"  02'"  59';  Decl.  —43°  57'. i 

1913.08  96.6        0.49  (9.5     .    .    .     10.0)     190°     l" 
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IIu.  1421.     C.I'.D.  —  55     ii()2  IIu.   1429.     C.P.D.  —  43'   1784 

R.A.  7"  05'"  41';  Dccl.  —55"   ij'.i  R.A.  7"  43'"  08";  Dccl.  —43°  05'. 2 

(9-5     ■    •    .     ').<S)  (8.0     .    .    .     8.5)     310'    o".5 
I9i2.g38          31.3        5.88          4.5        300" 

.051             29.8           i.88             4.1           300  „                            r^  n  T-.                   -1             r 

—       —1 _       : Hii.   1430.     C.P.D.  —43^    1936 

1912.94            30.6        5.88  R.-'X.  7"  51"'  34";  Decl.  —  43°  26'.9 

(8.3     .   .    .     12.0)     142°     5" 
Hii.  1422.     C.P.D.  — 42'   1364 

R.A.  7"  20"'  ig';  Dccl.  -42°  2-j'.<^  II>'-   '43'-     C.P.D.  —45"   1897 


(0.2       .     .     .       9.8) 


(8.0     .    .    .     11.5) 
1912.900        298. 8        5.88  5.3        300 


\<..\.  7"  52'"  56';  Decl.  — 45°  42'. 


1912.900  245.0  1.86  5.4  300  (y,o         _       _       _  p    o) 


o  .3 


PIu.   1423.     C.P.D.  -43^   1445  IIu.  1432.     C.P.D. -46'   1983 

R.A.  7"  21"'   7';   Decl.  —43°  8'. 4 


R.  A.  7"  53-  59';  Decl.  -46°  57'. 
(8.0     .    .    .     8.0) 


916    299.9    6.05     5.3    300  p.'^.'-'ri^    150.3    0.47     9.5    670 

1  rincipal  Lomponcnt  of  h  4032. 


1912.91  209.4        5-97 

IIu.    1433.     C.I'.D.  —47-^    1818 
Hu.   1424.     C.P.D.  —48^    I1S8  R..:^.  8'-  00-  33';  Decl.  -47°  26'. o 

R.A.  7"  2S"'  34";  Heel.  —48°  1 1 '.7  (9-o     •    •    •     10. o) 

(9.0  .  .  .  9.5)  1913-244    44-1    2.45    9.6   300 

1912.897    18.4    1.23    4.8   300 

■  910        18.4       1.33        5-4      300  Hu.  1434.     C.P.D.  — 57'   1393 

I9I3.24I        17.4      1.49       9.9      670 


R.A.  8"  02'"  19';  Decl.  —57°  25'. 3 


1913.02           iS.i        1.35  (8.2     .   .   .     13. o)     315°    5" 

Hu.  1425.  C.P.D.  —55^  1245  Hu.  1435.  C.P.D.  —54=  1574 

R.A.  7"  25'"  41';  Decl.  —55°  23'. I  R-A-  8"  14'"  9';  Uccl.  —54°  44'. o 

(9.0     .    .    .     9.5)  <9-o     .    .    .     II. o) 

1912.877        152.3        5.17          4.9        300  1013-028        160.9        3-04          4-9        300 

-935         151. 5        5-19          4.9        300  -iSi         160.0        3.29          6.7        300 


1912.91          151. 9        5.18  1913.09          160.3        3.17 

Hu.  1426.     C.P.D.  —42"   1577  Hu.  1436.     C.P.D.  —57=   1463 

R.A.  7"  40"'  ii»;   Decl.  —42°  43'.l  ^-^-  *^''  '"t"'  '"'!  ^'^'='-  " ?/°  '"^'-^ 

(9.5     .    .    .     10.5)     210°     I". 5  (9.0     ...     II. o)      120°     5" 

Hu.  1427.     C.P.D.  —44=   185 1  Hu.  1437.     C.P.D.  —54=   161 1 

R.A.  7"  41"'  02';   Decl.  —44°  47'.8  R-A-  S"  19'"  13':  Heel.  —54°  49'-3 

(9-2     .    .    .     9.5)     255=     4"  (9-0     .    .    .      10.0) 

1913.028  76.5         2.30  3.2        300 

Hu.  1428.     C.P.D.- 46^   1757  -^-       —       —        '•'       '" 

R.A.  7"  43'"  01';  Decl.  —46°  29'. 6  1913.09            Tr^-l        2.50 
(7-5     -    .   .     8.8) 

1913.241        .V=;4-2       0.35        10.2       670  Y{\\.   1438.     C.P.D.  —^5-    1544 
.244        353.7        0.46          9.3        670 


R.\.  S"  21"^  15';  Decl.  — 55'  20'. 4 
1913.24  334.0        0.40  (7-4     •    •    •     '-2.0)     200"     6" 
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Hu.  1439.     C.P.D.  —42'  2591  Hu.  1446.     C.P.D.  —46^2996 

R.A.  8'  26'"   i^  Decl.  —42°  45' -3  ^-^^  §"  42'"  52';  Decl.  —46°  40' -7 

(8.6    .   .   .     n.o)  (9-0     .   .   .     9-0)     30°    3" 

T913.028        121. 9        3-09  6.0  300 

.034        120.5        3-38  5-4  300  Hu.    1447.      C.P.D.  —44°  3143 

^        '_^:^        ^  ^-^        3°°  R.A.  8"  45-  5;';  Decl.  -44°  1 5'. 3 

(8.4  .  .  .  12.2) 
020   220.8   3.36    5.7 
088   219.8   3.48    6.0   300 


,913.0^  121.6        3.22  (8-^     ■    •    •     'f-2^ 

1913.020        220.8        3.36  5.7        300 


Hu.  1440.     C.P.D.  —43°  2770 
R...\,8'30"55';Decl.-44°47'.8  '^U-o?  220.3        3.42 

19:3.0:7    ^'I'si.;  ■  'i.r'    6.7       300  Hu.  1448.     C.P.D.  -55^  1788 

.028        J82.:         :.3Q          6.:        300  R.A.  8"  46'"  09' ;  Decl.  —55°  41'. 6 

.034        180. I         :.:8          5.8        300  (8.4     .    .    .     :;.o) 

:9:3-i07        323.2        2.43          5.8        300 

19:3.03          :8:.i        :.27  ,-i        3,5  ,        2.72         7.4       300 

.157        324-8        2.48  6.5        300 

Hu.  1441.     C.P.D.  —44°  2817 
R.A.  8"  3,2"'  46';  Decl.  —44°  5i'.2 

(8.8    .   .   .     :o.o)  Hu.   1449.     C.P.D.  —48^1966 
:9:3.034          33.5         :.:8          6.0        300 

.088          3:. 5        :.42          q.s        300  R.A.  8"  46"'  :6^  Decl.  —48°  06'. 9 
■  ^  (8.8     .   .   .     :o.o)     80°    o".8 


:9i3.:4         324.7        2.54 


19:3.06  32.5        :.3o 

Hu.   1450.     C.P.D.  —48=2072 

Hu.   1442.      C.P.D.  — 43-  2874  R.A.  8"  52'"  04';  Decl.  —48'  40'. 6 

R.  A.  8-  37'"  :6';  Decl.  -43°  48'. 4  ^''■°     ■■■     '°-°^     '^°'     '" 

19:3.017       ''i6°.4    '   ':.23"      6.8       300  Hu.   1451.     C.P.D.  —  47°  2945 

.028        :64.i         :.39          6.2        300  R.A.  8"  52"  30' ;  Decl.  —47°  22'. 8 

.034        :62.7         :.40          6.3        300  (g  §     .    .    .     9.2)     320°     o".8 

''''■°'        ''"'       '■''  Hu.  1.152.     C.P.D.  -43' 3186 

Hu.  1443-     C.P.D.  -  55°  1674  ^-^^  •''"  -%";-^''  °"^'='-  -''°  "^'-^ 

(h.iS        .      .      .        9-2) 

R.A.  8"  37'"  34';  Decl.  —55°  43'. 3  19:3.020        144.5         i-^S          6.4        300 

(8.0     .    .    .     8.5)  .036        143.:         :.27          6.8        300 

19:3.107        262.2        0.60          6.2        300  088        i_j3  g        I  33          6.3        300 

.15:        258.5        0.66  7.0        300 


1913.05  143.8        1.29 


19:3.13  260.4        0.63 

Hu.    1453.      C.P.D.  —43=3257 

Hu.    1444.      C.P.D.  -  55=  1699  R.A.  8"  56-  59^  Decl.  -43°  45'.6 

R.A.  8"  40'"  00";  Decl.  —55°  54'.7  (8.5     .    .    .     :o.5) 

(9.0     .    .    .     :o.5)  19:3.020        174.2        4.06          6.4        300 

19:3.  :07          .34-8        4.4:          6.3        300  .036        174.4        4.27          6.9        300 

.15:          33-5        4-33          7.:        300  .088        175.3        4-00          6.5        300 


:9i3-:3            34-2        4.37  :9:3.05          :74.6        411 

Hu.  1445.     C.P.D.  —46=2966  Hu.   1454.     C.P.D.  —47"  3073 

R..A..  8"  42"'  2';   Decl.  —46°  56'. 3  RA-  9"  02'"  05';  Decl.  —47°  40'. 8 

(8.5     .    .    .     10. o)     190°     i".2  (8.5     .    .    .     :o.5i     320°     I". 2 
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Hu.  1455.  C.P.D.  —  47"  3109  II u.  1466.  C.P.D.  —  54'' 2519 

R.A.  9'  05"'  02";  Decl.  — 47°   i.V-S  K.A.  g"  33'"  52';  Decl.  —54°  8'. 8 

(8.5     .   .    .     10.5)     110°     l"  (9.0     .   .    .     II. 5) 

1913-122        215.6        3.84  6.9        3CX) 

Hu.    1456.     C.P.D.  — 42°  3467  .144        220.7        3-68  7.9        300 

R..^.  9'  08-  .2-;  Decl.  -42°  58'. 5  ^        !!^        ilf  ^-'        ^"^ 


191314  21;. 7        3.69 


(8.5     .  .    .     12.0) 

1912. 916        159.8        5.36  6.8  300 

1913.020       156.3       5-25  7.2  300  Hu.  1467.     C.P.D.  —49=2640 

.195        i.=f'  8        ■••■  7-4  300 


R..\.  9'  .34'"  22';  Decl.  —49°  56'.; 
1913.04  158.6        5.33  (7-8     .    .   .     12.0)     300°     6" 

Hu.  1457.    C.P.D.  —54=2113  Hu.  1468.    C.P.D.  —  57=  2273 

K.A.  9"  10"  38';  Decl.  —54°  28'. 4  RA.  g"  39"'  58';  Decl.  —57=  03'. 9 

(8.8    .   .   .     9.5)  (8.5     .   .   .     11.5) 

1913110       265.5        112         6.5        300  1913.297       201. I        4.07        13.3        300 

.151        263.8        1.27         8.0       300 

.157       266.1       1.33        6.7       300  Hu.  1469.     C.P.D.  —57' 2277 

1913.14  265.1        1.24  R-A.  9"  40"  12';  Decl. -57=  21'. 3 

(8.5     .    .    .     II. o) 

Hu.  1458.     C.P.D.  —51°  2051  ''-"^■'^-*  ^59.1  5.39        7.4       670 

•297  257.1  5-59        13.6        300 

R.A.  9"  II'"  17';  Decl.  —51°  38'. 2  

(9.8     .    .    .     II. o)     ...     I". 5  1913.24  258.1  5.49 

Hu.  1459.     C.P.D.  —49=2412  Hu.  1470.     C.P.D.  —49=2840 

R.A.  9"  17'"  21';  Decl.  —49°  08'. o  R.A.  9'  45°  32';  Decl.  —49°  02'. 2 

(8.5     .    .    .     12.0)     80°     5"  (7-8     .   .    .     II. 0)     20°    6" 

Hu.  1460.     C.P.D.  —49=2452  Hu.  1471.     C.P.D.  —57=2379 

R..-\.  9°  20"'  42';  Decl.  —49°  32'. 9  R.A.  9"  .(7'"  00';  Decl.  —57°  32'.! 

(9.5     .    .    .     II. o)     130°     i".5  (9-0     .    .    .     10.8) 

1913.184        165.9        2. IS  7.5        670 

Hu.    1461.      C.P.D.  — 54=2319  -297        169.6        2.37        13.8        300 

R..A.  9"  24™  00';  Decl.  —54°  33'. 8  1913.24  167.8        2.26 

(9.5     .    .    .     9-5)     ••.     I" 

Hu.    1472.     C.P.D.  —  49=  2958 
Hu.  1462.     C.P.D.  —48=2548  „,     , 

R.A.  9    52"  30*;  Decl.  —49°  16'. s 
R..A.  9"  30'"  52';  Decl. —48°  26'. 7  (7-7     •    •    •     12.5)     360°     l".5 

(8.5     .   .    .     10.0)     320°     2" 

Hu.  1473.     C.P.D.  —45^4343 
Hu.   1463.     C.P.D.   -47^  3415  R.A.  9"  58°  41';  Decl.  -45°  39'.3 

R..\.  9"  31"'  00';  Decl.  —47°  £6'. I  (8.8     .    .    .     lO.o) 

(10     ...     ii.o)     300°     2"  1913.036        328.2        1.03  7.4        300 

Hu.  1464.     C.P.D.  —47=3423  Hu.  1474.    C.P.D.  —54=  3ior 

K.A.  9"  31"'  19';  Decl.— 47°  28'. I  RA.  10'  00"  59';  Decl.  — 54°  04'. 8 

(9.5     .    .    .     9.5)     250°,    5"  (9.2     .    .    .     9.8) 

1913.  no        179.5        0.86  7.4        300 

Hu.   1465.     C.P.D.  —49=2622  ••-='        176.6       0.91         8.6       300 

.297         178.5        0.73         14. I         300 

R..\.  9'  33"  01';  Decl.  —40°  26'.  1  

(7.5     .    .    .      13.0)     200°     4"  1913.19  178.2        0.83 
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Hii.  1475.     C.P.D.  —44^4788  Hu.  14S2.     C.P.D.  —55^4293 

R.A.  10"  19'"  42';  Decl.  —44°  2&.1  R.A.  11"  14"'  34';  Decl.  —55°  44'. 2 

(8.8     .    .    .     9.2)  (9.0     .    .    .     9.2) 

1913.020        261. I        2.49          S.I        300  1913.107        354.7        3.53          9.3        300 

.034        260.5        2.28          7.8        300  .113        354.0        3.70          8.5        300 

.036        260. y        2.42  8.3        300 

.195        260.8        2.16          8.5        300  1913. n          354.4        3-62 


1913.07  260.8        2.34 

Hu.   1483.     C.P.D.  —  56°  4430 

Hu.    1476.      C.P.D.   — 57°  3793  R.-^.  11"  ifj'"  02";  Decl.  —56°  42'. 9 

(9.0     .    .    .      12.0) 
R.A.  10"  42'"  03';  Decl  — 57°  17'. 9  1913.113  ^1.9        1.74  8.7        300 

(8.8     .    .    .     iT.o) 
1913.157        109. 0        4-68  8.5        300 

.184        III. 9        4.49  8.2        670  Hu.    1484.      C.P.D.  —22=  5036 

.187        1 10. 3        4.61  7.9        270 

R.A.  11''  30'"  00';  Decl.  — 22°  9'. 5 

1913.17  no. 7        4.59  (p.o     .    .    .     II. o) 

1913.277        .130.2        1.84  9.7        300 

Hu.  1477.     C.P.D.  —55=3928 

R.A.  10"  46'"  58';  Decl.  —55°  20'. 7 
(9.2     .    .    .     9.5) 
1913.184        237.1        6.02  8.4        300 

.187        236.6        5.83  8.2        300 

.297        236.8        6.15         14.5        300 


1913.22  236.8        6.00 


Hu.   1478.     C.P.D.  —  57°  9643 

R.A.  10"  49"'  10";  Decl.  — 57°  46'. 5 
(9.2     .    .    .     10. o) 
1913.187        330.6        6.08  8.8        240 


.187        105.9        1.20  8.6        300 

.297        106.0        1.03        14.8        300 


1013.18  106.7         1-1/ 


Hu.    1480.      C.P.D.  —49=  3921 


Hu.   H 

.85.     C.P.D.  — , 

57'  49; 

79 

R.A.  n' 

"  40"'  22' ;  Decl.  — 

57°  20' 

.2 

(8.0 

.    .    .     II. 8     .    .    . 
AB 

n-5) 

1913.157 

317. 1        2.91 

9.7 

300 

.187 

317-8        2.96 

10. 0 

300 

1913.17 

317.!         2-94 
AC 

1913.157 

2;6.o         7.84 

9.8 

240 

.184 

275. 8        8.06 

9.9 

240 

.187 

275-9         7-94 

9.9 

240 

I9I3.I8 


Hu.  1479.     C.P.D.  —56=3987 

R.A.  10"  49'"  16-  Decl.  -56=  26^.9  ^^"-    '-^^^-      ^•^'■°-  "  5^^  4788 

(9.5     -    -    •     9-5)  R.A.  11"  4.V"  18';  Decl. —54-  48'. 8 

1913.107                    109.5                    I-I2                       8.0                   300  ,g      -                     _        _           g      ,, 

.110        105.3         1.30          8.3        300  1913.157          76. 0        2.52 


10. o  240 

.184         79.5        2.40         9.2  300 

.187  76.2        2.64         9.5  670 

191318  77-5        2.52 


Hu.    1487-      C.P.D.  -55=4673 


R.A.  10''  57'"  10' ;  Decl.  — 49°  45'. 4 

(8.8     ...     ,1.5)     2<,<,»     4"  R.A.  n    +4'"4.NDecl.-55     n  -6 

(8.8     .    .    .     10.0) 
1913.157        238.4        1.32        10. I        300 

Hu.  1481.     C.P.D.  —55=4171  •>84       240.3       1.23        9.4       240 

.187      237.9      1.32       9.7      670 

R.A.  n"  4'"  03';  Decl.  —55°  28'. 8 

(9.0     .   .   .     9.5')     300°  o".8  1913.18         238.9        1.29 


PUniJCATIOXS  OF 

Flu.  148S.     C.P.D.  —57    5105 

R.A.  11"  Ai)'"  2()';  Dccl.  — 57°  i7'-4 
(8.8     .    .    .     10.5) 
1913.107  17.8        3.46  q.O        300 

.144  )6.4        3.20  0.5        300 

.lil  16.2        3.23  9.3        300 


10I3-M 


16.8        3.30 


Hii.  1489.     C.P.D.  —21^  5116 

R.A.  11"  49'"  32";  Dccl.  —21°  29'. 2- 
(8.0     .    .    .      12.0)     pr.     l".5 

Hu.  1490.    C.P.D.  —  24"  4754 

R..\.  11"  50'"  41';  Dccl.  —24°  47'. I 
,      (8.5     .    .    .     8.5) 
1913.277  82.9        0.68        10.0        670 

Hu.  1491.     C.P.D.  —56    4994 

R.A.  ii"  58'"  18';  Deal.  —56'  30'. i 
(8.5     .    .    .     9-2) 
1913.144        320.7        0.91  9-8        30" 

.151         318.0        0.88  9.8        300 
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liu.  1497.     C.P.D.  —25"  4995 

K  A.  12"  37"'  43';  Dccl.  —25"  23'.  I 
(g.o     .    .    .     10. o) 
1913.258        ,14' -5        I  61         10. 1        300 
.277        3422        1.89        10.7        300 

1913-27  .341-9        1-75 

I  III.  1498.     C.P.D.  —43^5902 

R.A.  12'"  41""  50';  Decl.  —43°  24'. 2 
(8.5     .    .   .     12.0) 
1913.261         262.4        5.10        10.5        300 

Hu.  1499.     C.P.D.  —44' 6107 

R..A.  12"  45""  20' ;  Decl.  —  44°  48' .  7 
(9.2     .    .    .     9-2) 
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1913-1 


319.4        0.89 


Hu.   1492-     C.P.D.  —  25M872 

R.A.  11"  59'"  36';  Decl.  —25°  5'. 7 
(9.0     .    .    .     9-.=;)     100°     o".5 

Hu.  1493-     C.P.D.  -44^5873 
R.A.  12"  5'"  17';  Decl.  — 44°  22'. 5 
(9-5     •    ■    •     9-5) 
1913.238        142.6        0.65  9.7        300 

.241         146.3        0.88  9.7        303 


1913-24 


144.5        0.77 


Hu.  149.^     C.P.D.  —42^  5907 

R.A.  12"  32'"  44';  Decl.  — 42°  17'. 8 
(9.2     .    .    .     9.21 
1913.261         145.7        I. 18        10.0        670 

Hu.  1495-     C.P.D.  —55^5184 

R.A.  12''  34'"  M';  Decl.  —55'  12'. i 
(9.5     .    .    .     9-5) 
1913-151        274.9        0-95        10-3        300 

Hu.  1496.     C.P-D.  —  44'  6046 

R.A.  12"  37'"  08';  Decl.  —44°  i8'-0 
(8.8     .    .    .     13-0) 
1913.261        314-9        2.72        10.2        30(1 


(9.2     .    .    .     9.2) 
1913.261         293.9         1-42         10.7 


670 


5703 


^ic.  1500.     C.P.D.  —  23'5/^o 

R.,\.  13"  04"'  04';  Decl.  —23'  30'. 7 
'-.5     .    .    .      11.8) 
31-1        3-.i.^        10.5 
30.0        3.68        1 1. 2 

1913.27 


Hu.  i; 


1913-258 
.277 


300 
300 


30 .6        3 . 62 


iLu.  1501.     C.P.D.  —24^5022 

R..-\.  13"  08'"  13';  Decl.  —24°  13'. 6 
(9.0     .    .    .     9-0)     30°     o".3 

1502.     C.P.D.  —25"  5153 

R.A.  13"  12'"  51';  Decl.  —25°   13'. 2 
(9.0     .    .    .     10. o)     70°     i" 


Hu 


Hu. 


Hu 


.....   1303.     C.P.D.  —22'   55 
R.A.  13"  58""  36";  Decl.  —22°  08' 


590 
4 


(7.2     .    .    .     10.5) 
1913.258        196.7        0.90        II. o        670 

Hu.  1504.     C.P.D.  —45^6669 

R.A.  13"  55'"  51";  Decl.  —45°  42'. o 
(9.0     .    .    .     10. o) 
1913.261         143-4        3-08         11-4        300 
.294         144.2        2.82         10.9        300 


1913.28  143-8        2.95 


Hu. 


.xu.  1505.     C.P.D.  —42^6519 

R..\.  13"  56"'  23';  Decl.  —42°  48'.! 
(9.0     .    .    .     9.4) 
1913.261         126.7        2.43         II. I 
.294         125.9        2.45         10.8 

1913.28  126.3        2.44 


300 
300 
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Hu.  1506.     C.P.D.  —44°  6659  Hu.   1513.     C.P.D.  — 42-6913 

R.A.  14"  01'"  10' ;  Decl.  —44°  58'. 9  R.A.  14"  59"'  17';  Decl.  —42'  37'. 3 

(8.7     .    .    .     10. o     .    .    .     II. 0)  (8.8     .    .    .     9-3) 

AB  1913.294        180.9        2-31         12-7        670 

1913.261        258.4        37.45       II. 5        300  .624        181. 7        1.93        18.6        300 

1913.261  32.7        4.39        1 1. 5        300  1913-46  181.3        2.12 

■294  32.3        4- II         ii-o        300 

Hu.    1514.     C.P.D.  —41^7146 

R.A.  1=;"  12'"  10';  Decl.  — 41°  =8'. 9 

(8.8     .    .    .     9-.S) 

1913.294        252.2        2.74        12.8        670 


1913.28 

32.3 

4-25 

Hu.  I 

507.     C.P.D.  — 

■43" 

6503 

R.A.  I 

4"  12'"  so' ; 
(8.5     - 

;  Decl.  - 
•    •     9-: 

-43° 
i) 

48'.  8 

1913-261 

83.2 

2.87 

II 

.8 

300 

-294 

83.3 

2.87 

II 

-4 

300 

.624 

85-7 

2.50 

18 

-3 

300 

277         48.6        1. 00        12.6        670 


Hu.  1515.     C.P.D.  —24°  5501 

R.A.  15"  12'"  52=;  Decl.  —24°  31'. 3 
(8.5     .    .    .     12.0) 


IQ13.258        153.9        1.94        13. I        300 

1913-.39            84.1        2.7s  .277        158. 1         1.9S        13. 5        300 

Hu.  150S.     C.P.D.  —45-' 6879  191327         156-0       1.96 

R.A.  i4"^J3^  57';  Decl_45"  32'.5  ^u.    1516.      C.P.D.  -  22^6064 

1913.261        314. 1        5.96        12.0        300  R.A.  15"  37'"  01';  Decl. —22°  56'. 4 

.294        312.8        5.98        II. 9        300  (9-0     .    .    .     10. o) 

1913-258        248.4        1.48        13.3        300 

1913.28          313-5        5-97  .277        248.2        I. 61         13-7        300 

Hu.  1509.     C.P.D.  —  45°  6910  1913-27        248.3       1-54 

R.A.  14''  27"  19';  Decl.  —45°  26'. 3 

(8.1    ...    II. 3)"  Hu.  1517.     C.P.D.  —45°  8030 

1913-261        233.8        2.01         12.2        300  R..A.  16"  26'"  58' ;  Decl. — m' 22' .0 

•-g-t        -36.7        1.60        12.0        670  (10,0     .    .    .     II. 0)     90°     o".5 

1913.28  235.2        I. So 

Hu.   1518.     C.P.D.  —  44°  7988 

Hu.    1510.      C.P.D.  —43°  6650  R.A.  16"  .30"  19';  Decl.  —44°  38'-0 

R.A.  I4V33-36';  Decl. -43°42'.2  ^^'^     ■••     '°-°^     ^^o"     i" 
(9-0     .    .    .     9.5) 

1913.261       139.4       0.76       12.3       670  Hu.  1519.     C.P.D.  —42"  7476 

TT          ,           r-Tir^              o         ^  R.A.  16"  33'"  52^  Decl. —.12°  38'. 5 

Hu.    1511.     C.P.D.  —  24°  5376  (9.0     ...     lo.o) 

R..\.  14"  41'"  01';  Decl. —24°  05'. 3  1913-294          73-0        1.06        13.0        670 

(9.0     .    .    .     9.5)  -441          75-5        1-17        13-8        300 
1913.258        312. I         1.06        12.5        670 

.277        309.2        0.90        12.5        670  1913-3/            74-3        I-12 


1913-27          310.7        0.98  Hu.    1520.      C.P.D.  —45°  8134 

Hu.  1513.     C.P.D.  -23°  5987  ^•■'-  "'(?7'.'\°i.7)''°  ''-' 

R.A.  14"  42™  04';  Decl  — 23°  10'. o  1913.258        175.0        0.44        13.7        670 
(9.0     .    .    .     9.0) 

1913.258          si.o        1.06        12.7        670  Hu.    1521.     C.P.D.  —44^8253 


1913.27  49.8        1.03  (9.0     .    .    .     12.0)     190°    3 


R.A.  16"  59'"  20';  Decl.  — 44°  33'. o 


rUBLICATIONS  OF  THE  OBSERVATORY  159 

Hu.  1522.  C.P.D.  —  25°  5949  Hu.  1532.  C.l'.U.  —  54  9711 

R.A..17"  03'"  54';  Decl.  —25°  08'. 6  R.A.  20"  23'"  52";  Dccl.  —54'  17'. 3 

(ij.o     .    .    .     10.0)     270°     i"  (9-0     ■    ■   •     IO-5) 

1913.814        279.5        0-86        24.0        400 

Hu.   1523.     C.P.D.  —  43'8o2r5  ^      ^       ^        0-7       40o 

R.A.  i;"  15"'  10";  Dccl.  —43°  40'. 9  1913-82  280.1        0.77 

1913.441        267.0   '    '7.26°    14.5        300  Hu.    1533.     C.P.D.  —45'  10067 

.709        266.7        ;-43        2I-I        300  R..\.  20"  51'"  59';  Dccl.  —45'  48'.! 


(8.8     .    .    .     II. 0) 

1913-57  266.8        7-35  1913.792  52.6        4-77  0.9        300 

.819  53.4        4.51  0.7        400 


1913-81  53-0        4-64 


Hu.    1524.     C.l'.D.  —22^6446 

R..-\.  17''  40'"  27';  Decl.  — 22°  36'. 7 

(9-5    -  •  -    9-5)    330°    I"  Hu.  1534.     C.P.D.  —56^9604 

IT  .    .       r^r,!^  r-       AO  R..\.  2l"05'"  01";  Decl.  —  56°  45'-9 

Hu.    1525.      C.P.D.  — 46    9068  /_  g  ,,2) 

R..\.  17"  55'"  10';  Decl. —46°  26'. 9  1913-814        3-15-4        5-i7  i-5        300 

(8.0     .   .   .    9.5)     270°    o".8  -828       342.1        5.24  1.3        400 

.831        344.0        5.40  1.7        300 

30 


Hu.   1526.     C.P.D.  —46^9332  15,3.82         343.8 

R.A.    18"  20'"   08';    Dccl.  —46°   23'.  I  ^^  r>  n  T^  r-^      r    r 

(9.0    ...    9-0)    .30=    i".s  Hu.  1535.     C.P.D.  -56=9606 

R.,\.  21''  05"'  21';  Decl.  — 56°  22'. 3 
Hu.    1527.      C.P.D.  —45=9398  (8-5     -•-     12.0)     225°     8" 

R.A.  18"  .30"-  14';  Decl.  —.45°  51'. 3  Hu.    1536.     C.P.D.  —  56°  9630 

(8.0      .    .     .       II. o) 

1913-439        310.7        4-70        16.3        300                                   R.A.  21"  13-  30';  Decl. -56"  18'. 7 

.710        311-2        4-58        23.1        300                                                 (7-5     •    -  •     12-0) 

1913-803        171. 3  6.03          1.5        400 

I9I3-67          311. o        4.64                                                                  .831         172.2  5.64          1.8        300 

.836        172.3  5.81          1.3        300 


Hu.  1528.     C.P.D.  -47^9026  ,^,3g2         ,,,^       .g3 

R..\.  18"  35"'  02';  Decl.  —47°  04'. 8 
(8.7    ...     n.o)    220°    I". 5  Hu.   1537.     C.P.D.  —55=9581 

R..A.  21"  15™  27';  Decl.  — 55°  06'. 4 
Hu.    1529.     C.P.D.  —41'  9137  (8.5     .    .    .     12. of 

R..\.  i9'"26-30';Decl.-4i'4i'-5  '^'^"^^'^        -^^''^        ^'^^  '"^        ^°° 

^9°     ■    •    •     '°-°'    .  Hu.    1538.      C.P.D.  -48=10598 

'913-439        305.5        1.99        16. 9        300  -'■^  ^  -^^ 

.710        .304.6        2.32  0.2        300  R.A.  21"  24™  42':  Decl. —48'  10'. 6 

.792        303.9        2.08        23.9        300  (8.8     .    .    .     12.0) 

1913-819        3035        1-33  2.4        400 

1913-65  304.7        2- 13 

Hu.    1539.     C.P.D.   — 45=  10160 

Hu.  1530.     C.P.D.  -46=  9768  R,,  ,,.  ^6„  ,3,.  D^^,  __,.=  ,3,  3 

R..\.  19"  31'"  23';  Decl.  —46°  58'. 3  (9-0     .    .    .     9-5) 

(9.0     .    .    .     9-5)     2tX5°    o".8  1913-690  84.1         1.33        19.3        300 

.710  84.0        1.57  1.5        300 

Hu.    1531.     C.P.D.  -  54°  9663                                             -79-'          8-5  1-23          i-o        300 

.819          82.9  1. 61          0.9        400 

R..\.  20"  09'"  31';  Decl.  —54°  55'-7 

(9-S     •   -    -     9-5)     180°     2"                                            1913-75            84.1  1.44 


i6o  UXR'ERSITY  OF  MICHIGAX 

Hii.  1540.  C.P.D.  —46"  10270  Hii.  1549.  C.P.D.  —54^  10225 

R.A.  23"  05'"  40';  Decl.  —54°  52'. 0 
(7.0     .    .    .     9.0)     ...     i" 

Hu.    1550.     C.P.D.   — 42^9601 

R.A.  23"  34'"  28^  Decl.  —42°  16'. 9 
1913.792        181. 5        0.63  1.9        670 

.\xx  Arbor,  Michig.\n, 
May  4,  1914. 


R..\.  21 

"  32'"  39' ;  Decl. 

—  46°  44'. 9 

(8.5     ...     II 

5) 

1913.690 

309.9        3.02 

19.. S        300 

.Sig 

309.7        3.24 

2 . 6        400 

.833 

307.7        3.1S 

i.o        300 

1013.7S 

309.1        3.15 

Hii.  1541.     C.P.D.  — 

49^  "495 

R.A.  21 

'  40""  14' ;  Decl.  - 

-49°  25'. 5 

(8.3     ...     11. 

0) 

1913.792 

100. 0        5.88 

2.S           300 

.819 

100. I        5.63 

400 

.S33 

100.6        5.66 

300 

1913-81 

100.2        5.72 

Hu.  1542.     C.P.D.  — 

54^9951 

R.A.  21 

57'"  +4' ;  Decl.  - 

-54°  29'. 2 

(9.0 

.    .    .      12. O)      I 

20°     6" 

DOUBLE  STARS  DISCOVERED  AT 
LA  PLATA. 

BY   W.   J.    HUSSEV. 

Fourteenth  Catalogue 

The  double  stars  of  this  catalogue  were  dis- 
covered and  measured  with  the  17-inch  Gautier 

Hu.  154^.     C  P  D   -7"  TOO  12  refractor  of  the  La  Plata  Observatory.    Prior  to 

T,  .       6      m  Februarv  11,  1Q14.  the  measures  were  made  with 

R.A.  22"  00-  i4»;  Decl. -^7°  02'.  7  .u         •    '        .       1,  ,        •        .     ..  11  .     -i 

(g  2  9.  ■,\  "  a  ^^  micrometer  belonging  to  the  small  equatorial 

and  those  subsequent  to  that  date  with  the  new 

H"^'-   1544-     C.P.D.  —  54=  10202  filar  micrometer,    furnished  by   The   Warner  & 

R.A.  22"  27'"  20';  Decl.  —  ;4''  I-'  ->  Swasey  Company.    In  nearly  all  cases  each  posi- 

(9.2    .   .   .     10.0)  tion  angle  given  is  derived  from  the  mean  of  four 

1913.803       149.2       0.79        2.2       400  settings  of  the  circle  and  each  recorded  distance 

TT„    ,. ,.       r'  n  T->             n          „  from  the  mean  of  three  measures  of  the  double 

ilu.  i54j.      C.P.D.  —45    10338  ,.                T-u      •  !,<.             •            ^1    r     .• 

'^•^  distance.     Ihe  right  ascensions  and  declinations 

.  22   41    02  ;  Decl.  —45°  54'. 5  ^^^  £qj.  ^^^  epoch  1875.0.     In  the  measures,  the 

ini5  finn         ,r.  ,        .  ,,  last  two  columns  contain  the  sidereal  times  of 

J913.090         40.3        1.33       20.1       300 

.710        45.1        1.27        2.0       TOO  ob.servation  and  the  powers  used. 

•^^"        -<'-9       '^■^^        1.7      670  Axx  Akbor,  Michigan. 

1913.73  42.4       1.32  February,  27,  1915. 

Hu.  1546.     C.P.D.  -55^9937  .  Hu.  1551.     C.P.D. 

R.A.  22- 54'"  31';  Decl. —55°  s6'. 2  „  ,  .      r.    , 

(8.5     ...     10.0)     100"    i"  R.A.  o"  2-  26':  Decl. -33°  I'. 4 

(8.0     .    .    .     II. 5) 
Hu.   1547.     C.P.D.  —48=  10854  1914-687      126°. 8     8". 27      2i».3       360 

R..A.  22*'  59™  12':  Decl  jS"  27'  = 

(7  8    .   .  .10.5)           "  fJ"-   'y^^-     C.P.D.  -51°  28 

1913.690        155.8  3. II        20.9        300  R.A.  0"  9"'  17';  Decl.  —51°  o'. I 

819        154.3  2.94          3.9        400                                                   (95     .    .    .     9.8) 


53 '^  9 


.833       156. I 
1913.78         155.4 


400  1914.687  66.6        2.04        22.0        360 


Hu.  1553.     C.P.D.  —59=   114 
-9 


Hu.  1548.     C.P.D.  —55=9961 

R.A.  23"  02"  37';  Decl.  —  55°  iS'.o 

(8.6     .   .   .     II. o)     270°     2"  1914.882        370.0        1. 81  5.5        360 


R.A.  i"  34'"  25^ 

Decl.  —  59 

(8.8     . 

.    .     9.0) 

914.882        370.0 

1. 81 

PUnUCATIONS  OF  TTTK  (  )HSI':R\'AT0RY  i6i 

IIu.  ISS4.     C.P.D.  —54'  369  llu.  1563.     C.I'.D.  —50"  408 

R  .\.  i"  jS"  16';  Decl.  —54°  si'. 9  K...\.  2"  48'"  46';  Decl.  —50°   10'. 9 

(9.0     .    .    .     9.2)  (9.0     .    .    .     II. o) 

1914.764        281.8        5.71        23.3        360  1914.756  8.0        2.66  0.3        360 

.775        281.6        5.62        22.9        360 


1914-77 


281.7       5.67  Hii.  1564.    C.P.D.  —51     393 


,r                      r^r,T^              ■,  R..-\.  3"  i.S'"  41* ;  Decl.  —  51 "  o' . I 

Ifu.    1555-     C.P.D.  -57-   355  ^^^                ^,) 

R..\.  1"  42'"  40';  Decl.  —  57°  4'.4  1914775        244.6        1.62          l.o        360 
(9-1     -    .    .     9-8) 

1914.764        91-6      8.74      23. 5       360  pj^,    ,j5^,^      C.P.D.  —53'  554 
.775          90.4        8.73        23.2        360 

■        ■  R..\.  3'  17'"  40';  Decl.  —53°  52'. 8 

1914-77                        91-0                8.74  Cg     2                                   g     2) 

.      ^^^            .  1914-773        103.7        1-76         0.6       360 
Hu.  1556.     C.P.D.  —56°  257 

R..\.  i'  SI""  57';  Decl.  —51°  s'o  Hi,.    1566.     C.P.D.  —51'    730 
(9.5     •    ■    •     10-5) 

1914-756        329-7        0.68        22.8        450  R..\.  j"  30"- ,iS';  Decl.  —  51'  9'-i 

C9-5     -    -    •     9-5) 

Hu.    1557.     C.P.D.  —54-    401  1914-97S        175-3        0.76          2.8        .-ieo 

R.A.  i"  ^4""  5';  Decl.  —54°  8'. I 

(9.2    .  .  .    10.5)  Hu.  1567.     C.P.D.  —  6r  491 

1914.764        105.6        2.33        23.0        360  R..\.  5"  36-  40";  Decl.  -61"  33' -8 


.774  no. 4  2.22  23.4  360 


1914-77 

108.0        2.27 

Hu. 

1558.     C.P.D.  —54°  409 

R.A. 

i"  56"  40';  Decl.  —54°  36'. 9 

(8.3     .    .    .     II. 5) 

1914-76- 

\         51-6        3-95        22.8 

(8.6     .   .   .    g.2) 
1914.948         58.3       0.98         2.1        450 
.956         58.4       0.87         2.3        360 


1914-95  58.4       0.93 

Hu.   1568.     C.P.D.  —50"  826 

R.A.  5"  .^S"-  43= ;   Decl.  —50°  4'.i 
TT  /->  n  TA  n      ^  (8.8     .    .    .     q.o) 

Hu.  1559.     C.P.D.  —51°  267  o  00- 

^^^  ^  '  1914-975        48-4      0.58        2.8      450 

R.A.  i"  57"'  41*;  Decl.  — 51  °  20'. 6  .978  46.6        0.57  3.3        450 

(9-2     .    .    .     9.5)  •        ■        • 

1914.756        313.0        I. 00        23.7        360  1914.98  47  5        0.58 

Hu.  1560.     C.P.D.  —55°  393  Hu.  1569.     C.P.D.  —50°  829 

R.A.  2*  4""  4";  Decl.  —55°  26'. 6  R..\.  s'  40""  29";  Decl.  —50°  31'. i 

(8.8     .    .    .     9-2)  (9.0     .    .    .     10.2) 

1914.775  94-6        0.58        23.7        360  1914975  71-2        1-13  2.6        360 

978  71.4        1.07  30        450 

Hu.  1561.     C.P.D.  —24'  321 

R.A.  2''  41""  47';  Decl.  —24°  12'. 2 
(9.0     .    .    .     9-5) 
1914.750        312.7        0.91  0.0        360 

Hu.  1562.     C.P.D.  —53'  489 

R.A.  2"  47"  49';  Decl.  —53°  4' -4 
(8.8     .    .    .     8.8) 
1914.761  59.0        0.52  0.1        450  1914-98  36-7        0.82 


1914-98 

713 

1. 10 

Hu.  I 

570.     C.P.D.  - 

-52-^ 

81 

t4 

R-A.  5' 

1914-975 
.978 

*  55"'  13'; 
(9.0     . 
36.2 
37-1 

Decl.   - 

.    .     9.; 

0.82 

0.82 

-52° 

2) 

3 
3 

12' 

.6 
.6 

-9 

360 

3&3 

i62  UNIVERSITY  OF  MICHIGAN 

Hii.  1571.     C.P.D.  -50=  878  Hu.  1579.     C.P.D.  —59-  725 

R.A.  5"  55"'  58';  Decl.  —50°  41'. 3                                           R.A.  6"  53"  44*;  Decl.  —59°  22'.! 

(9.0     .    .    .     II. o)  (90     .   .    .     9.2) 

1914.975        157.5        0.73          3.4        360                                1014.961  33.4        1. 10          4.3        360 

.964  31.4        1.08          4.6        450 


R.A.  6" 

3"'  31'; 

Decl.  —52°  1 8'. 3 

(8.6     . 

.    8.6) 

1914.972 

49.0 

0.43         3-2       450 

•975 

46.9 

0.57         4.0       450 

R.A.  6" 

i8'"  39'; 

Decl.  —61°  28' 

6 

(8.3     . 

.    .     10.5) 

1914.956 

248.0 

1. 12          2.8 

360 

.961 

242.9 

I. 31          2.7 

450 

.964 

245 -9 

0.96          3.9 

450 

Hu.  i; 

76 

c 

P.D.  - 

-58° 

712 

R.A.  6" 

26 
(9 

.1         . 

Decl.  - 
.    .     9.1 

-58° 
) 

16'.  2 

1914.956 

48.6 

0.49 

3 

■7 

360 

.963 

52.6 

0.44 

2 

■  9 

450 

1914.96         50.6      0.47 


Hu.  1572.  C.P.D.  -52-  852  ,gj^^  3,^  J^ 

Hu.   1580.     C.P.D.  —61^  749 


R.A.  6"  56"'  29'; 

Decl.  — 61°  21'. 0 

(8.8     . 

■    .     90) 

1914.961          12.2 

0.54          3.9        360 

.964            7.7 

0.64          4.5        450 

1914.97  48.0       0.50 

Hu.  1573.     C.P.D.  —52^  867  1914-96  10. o       0.59 

R.A.  6"  6-  o»;  Decl.  -52°  6'.9  Hu.    1581.     C.P.D.  —52"    Io8l 

(8288) 

1914.972        1S2.6    ■    0.22         3.3        450  ^••^-  7\f  °''   ^''^-  -f   '^'■'^ 

(8.4     .    .   .     10.5) 

IT  ^T-.T^  no  1914-972  54-4        1-30  4-7        360 

Hu.    1574.      C.P.D.  —51°   871  jgjj.o,-  585        J  00  4.8        360 

R.A.  6"  ii""  19';  Decl.  —51°  32'. 8 
(9-2     .    .    .     12.0) 
1914.972        234.1         1.07  3.5        360 

Hu.    1575.      C.P.D.  —61°   630 


1915-00 

56.5 

I -15 

Hu.   I 

582.     C.P.D.  - 

-59° 

776 

R.A.  7 

"  6"'  8'; 

Decl.  - 

-.so" 

26'. 7 

(9-0    - 

.    .     II 

8) 

1914.961 

215-5 

6.62 

4 

7 

360 

.964 

214.9 

6.54 

4 

7 

450 

1914.96        215.2       6.58 

Hu.  1583.     C.P.D.  -59°  873 
1914-96  245,6        1. 13  RA,  f  2,9"'  14';  Decl.  —59°  42'. 4 

(8.2     .    .    .     8.4) 
1914.942        243.1         1.06  4.2        360 

.956        240.0        0.90  5.1        450 

.959        242.9        0.90  4.9        360 


1914.95  242.0        0.95 


Hu.  1584.     C.P.D.  —59'  881 


R.A.  7"  40"'  19';  Decl.  —59"  8'. 6 

Hu.   1577.     C.P.D.  -61°  684  ,,,,.,,,  ^^3^8.0  ■   -..""^    4-4       360 

R.A.  6"  35'"  o';   Decl.  —61°  29'. 2  -956        3190  2.78  4-9        360 

(8.8     .    .    .     12.5)  -959        320.1  2.85  5.1        360 

1914.956        141. 4        2.58          3.3        360                                                             ■  ~~ 

<:                                             o                                  ^  191495              3190  2,82 

.963          142.7         2.78            3.0         360  ^  -t  ^.1            O  V 


1914.96         142.0       2.68  Hu.  1585.     C.P.D.  —58=  986 

R.A,  f  43'"  15^  Decl.  -58°  38'. 9 
Hu.  1578.     C.P.D.  —53°  1 159  (8.0    .  .  .    12.2) 

1914-956        71.2       1.62        4.7       450 
R..\.  6    44     39';  Decl.  -S3    25-0  .959  66.7        1.64  5-2        360 

(9.5  •  •  ■  9-5)  ■   •   ■ 

1914.972   138.3    1.05    4.4   360  1914.96     69.0    1.63 
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IIu.  1586.  C.P.D.  —52^  1284  }[u.  1593.  C.P.D.  —  6i°i44i 

R.A.  --  44"  32';  Decl.  —52°  51'. 9  R.A.  9"  59'"  43';  Decl.  —61°  16'. 6 

(90    .   .   .    9.4)  (7.5    .   .   .    7.8) 

1914.97-'       266.0       2.33         5.2       360  1914056       349.0       1.23         7.5       450 

.975       262.4        2.36         4.4       360  .959       349.7        1.30         6.8       360 


i9'5.027       265.4       2.17         5.3        360 
1914.99  264.6        ?.29 


1915.00         293.5        1.99 


5-3        360 
■972  70.6        1.08  6.1        360 


1914.97  68.5        1. 13 


•972        336.8        0.33  6.3        450 


1914.97  335-4        0.35 


1914.96  286.8        2.52 


1914.96  349.4        1.27 


Hu.   1594.     C.P.D.  —50'   3018 
Hu.    1587.      C.P.D.  -53'    1473  R...\.  ,0-  o-  20';  Decl.  -50'  42'.5 

R.A.  7"  si">  12';  Decl.  —53"  38'. 9  (7.0     .    .    .     7.0) 

(9.2     .   .    .     9.8)  1914.967  82.9        0.23  6.9        450 

1914.975        293.7        2.18         4.5        360  1915.027  76.7        0.23  7.3        450 

1915.027        293.2        1.90  5.3        360 


1915.00  79.8        0.23 


IIu.    1595.     C.P.D.  —61"    1477 
Hll.    1588.     C.P.D.  —50=    1722  K,A.  10"  3-  35";  Decl.  -61°  37'. 7 

R.A.  8'>  37"  26';  Decl.  -50°  II'. 6  ^''^     ••■     ''■^'> 

(9.0     .    .    .     11,0)  1914.959        136.7        2.91  6.9        360 

1914.967  66.4        1. 18  5.3        .60  -^"^        '-*°-*        3-'"  7.2        360 


1914.96  138.6        2.96 

Hu.  1596.     C.P.D.  —58=  2031 


Hu.   1589.     C.P.D.  —52°    1648  ^-^^  1°"  'O'"  53';  Decl.  —58°  8'. 8 

R.A.  8    4|^38  .  DecL  -52    40'.3  19,4.964        338.1        1,17          7.7        360 

1914.967        93.1       3.34        6.0       360  Hu.  1597.     C.P.D.  —59°  2008 

.972                    91.8                3.34                   6.5                450  T,      ,                h 

■        ■        ■  R.-^.  10"  II"' 47';  Decl. —59°  16'. 8 

1914.97           92.5        3.34  (7-5     ■    ■    .     7-5) 

1914.956        114. 2        0.26  7.5        450 

Hu.   1590.     C.P.D.  — 52'   1652  -959       117. 2       0.27         7.2       670 

R.A.  8"  42"'  44';  Decl.  —52°  23'.!  1914.96          115. 7        0.26 
(7.8     .    .    .     8.3) 

1914.967      333.9      0.36        5.7      450  Hu.  1598.     C.P.D.  —50°  3316 


R..A.  lo"  13"'  18';  Decl.  —50°  11' 
(8.2     .    .    .     8.5) 
1914.967        245.5        0.42  7.2 


450 
Hu.   1591.     C.P.D.  —59°   1 121  1915-027       242.7       0.41         7.5       450 

R.A.  8"  44""  46^;  Decl.  —59°  9'. 5  191500          244.1        0.42 
(8.0     .    .  .     12.5) 
1914.959       222.4  552         6.1        360  Hu.   1599.     C.P.D.  —60^    1881 
f'i        ff:^  5^          6,2        360  R.A.  10-  19- 24';  Decl. -60'  56'. I 

1914.96    222.3   5.49  ^^'^     ■  "  •  '^■^^ 

1914.959   359.8   1.24    7.5   360 

Hu.  1592     C.P.D.  -58=   1625  Hu.  1600.     C.P.D.  -51°  3645 

R.A.  9^  4^'"  26';  Decl.  -58°  53'.9  R.A.  io»  46"  59';  Decl.  -51°  31-4 


(8.0  .  .  .  II. 2) 

'^'"'S   1i'    '•''"    t'.        'f  ''"-•■96'   '334.6  ■  '1.75    7.8   360 

•959   28S.5   2.47    6.6   360 


(S.o  .  .  .  II. o) 
334.6    1.75 
972   331.7   1-95    7.4   360 


1914.97    343.2   i.i 
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Hu.  1601.  C.P.D.  —53"  4262  Hu.  1609.  C.P.D.  —63°  4554 

R.A.  10"  52"'  47';  Dec!.  —53°  39'- 8  R  ■'^-  'S'  -46'"  39';  Decl.  —63°  o'.2 

(9.5     •    ■    •     9-5)  (90     .    .    .     12.0) 

1914.972        165.4        0.21          8.1        450  1914-849        250.4        2.30         0.2        360 

.852        251.3        2.05  0.2        360 

Hu.  1602.     C.P.D.  —57''  4384  1914.8s        250.8       2.18 


^1593 


R..\.  11"  5"  28';  Decl.  —57°  32' .2 

(9.2     .   .   .    9.8)  Hu.   1610.     C.P.D. 

1913107          9S-6        3-94          8.8        300  R.A.  19"  49"' 22';  Decl.  -  52°  27'. 7 

.122          94-8        3-84          9-2        300  (8.8     .    .    .     II. o) 

■151          95-0        3.97          9-6        300  1914.583        155.8        1.74        17.2        360 

.817        154.3        2.08  0.4        450 

'"''■''  9-^        ^-^^  ^8        155^       ^        23.9       450 

Hu.  1603.     C.P.D.  —60°  3300  1914.75        155-2       1.95 

R.A.  11^  39™  47';  Dec!.  -60°  i3'-5  ^^_   ^(3^       ^.P.D.  -62°   6 

(Q.'i      .    .     .      10. q) 


:n42 


vy.5    .   .   .     10.5; 

1914.964  42.4        1.70  8.7        360  R.A.  19"  58"  15';  Decl. —62°  31'. 5 

(9.0     .   .    .     II. 5) 
zj         r  nT3r^  o  I9I4.&49        299.8        1.60  0.9        360 

Hu.   1604.     C.P.D.  -  52'   5302  852       300.8       1. 61         0.6       360 

R.A.  12"  4""  34';  Decl.  —52°  20'. 5  T~  "  , 

/;  ,  ^.  1914-85  300.3        1-60 

(9.2     .    .    .     9.2) 

1914.972        101.2        0.40  9.4        450 

Hu.  1612.     C.P.D.  —50"  1 1284 

Hu.    1605.      C.P.D.  —57^   8070  R-A-  20-  o"  14';  Decl.  —50°  48'. o 

(8.8     .   .    .     9.5) 
R.A.  16"  24'"  55';  Decl. —57°  48'. 9  1914.585  57.9        0.87        18.0        360 

(8-8     -    .    •     9-5)  .858  58.6        0.96  0.1        450 

1914.695  73.2        4.25        20.0        360  ■        • 

.706  72.8        4.35        20.0        360  1914-72  58-3        0.92 

1914.70  73.0        4.30  _ 

Hu.  1613.     C.P.D.  — 50"  1 1306 

Hu.    1606.     C.P.D.  -54-   7853  ^-^-  ^\f  4°';  Decl.  -50=  4i'-5 

^^     ^    ■'•'  (8.5     .    .    .     8.5) 

R..\.  16"  39"  4';  Decl.  —54°  26'. 8  1914-585        310-8        0.56        17.5        670 

(8.8     .    .    .     9.5)  -858        309-7        0.79          0.2        450 

1914.720        171. 9        1.86        20.7        360  "~  ■  " 

1914.73  310.3        0.67 


Hu.  1607.     C.P.D.  -51°  10928  ^^,    j(3j^     C.P.D.  -52^  ii( 

R.A.  iS"  25""  23»;  Decl.  —51°  25'. 3  p.  a^    ,Qh  .,„  ^, .   p.^^,,    _ ^^^  ^., 

(9-0     .    .    .     11-5)  (8.5     .'.    .     12.5) 


1649 
-9 
1914-819        266.9        2.34        22.6        360  1914.858  78.0        1.26"       1.6        360 

Hu.   1608.     C.P.D.  —52°   1 1520  Hu.  1615.     C.P.D.  —63°  4590 

R..A.  19"  35""  7';  Decl.  —52°  27'. 6  R..\.  20"  23"  53';  Decl.  —63°  44'.! 

(8^.4     .   -   -     8.8)  (7.5     -   -   -     8.0) 

1914.817        251. 1        0.38        23.7  450  1914-852        359-4        0.39  1.3        450 

.858        253.8        0.35        23.8  450  .873        358.2        0.46  0.7        450 

1914.87  252.5        0.37  1914.86  358.8        0.43 
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Hu.   i6i6.     C.P.D.  —64^  4063  Hu.  1625.     C.P.D.  —58''  7805 

R.A.  .0-  29-  48";  Decl.  -64°  37M  r..^.  ^.    g.  ^^.    p^,,  _   go      ,  g 

«        ^',^    ■  ■  ■    ""^  (8.5    .  .  .    9.0) 

19.4.873        83.3       0.77        i.o       450  ,^,^835       ,^^       „^^        „3       ^.^ 

Hit.    1617.      C.P.D.  —  51^    I1541  f"        "^-9        °-6o          21        450 

.844        229.5        0.60  0.4        450 


R.A.  20"  31'"  8";  Decl.  —51°  39'. S 
(8.0    .   .   .    8.8) 
.583        124. I        0.53        18.5 
.858        124.2       0.43         1.3       450 


(8.0    .   .   .    8.8)  1914.84         229.7       0.60 

1914583        124. I        0.S3        18.5       360 

I  In.    lOjf).     C.P.D.  —52'    10827 


1914.72         124.2       0.48 

R.A.  21"  2"  29';  Decl.  —52°  so'. 8 
Hu.  1618.     C.l'.D.  —  S^   1 1553  (7.5    .  .  .    8.0) 

R.A.20"36"'28';  Ded. -si°32'.2  '^'^.fe        205.4       0.72        19.3       670 


(8.5     .   .  .     10.5) 

1914.583       229.9  0.92        18.2       360 

.646       234.2  0.98        18.0       475 

.649        234.8  1.03        18.5        360 

1914.63        233.0  0.98 


R.A.  20"  41'"  29';  Decl.  —52°  45'. 4 
(8.2     .    .    .     12.0) 


.858        209.9        0.56  1.9        360 


I9I4.75  207.7        0.64 


Hu.    1627.     C.P.D.  —58"^   7816 


Tj         r            nr,r^             00           r  ^■■■^-  -"''  -'"  34';  Decl.  —58°  8'.o 

Hu.    1619.      C.P.D.   —58=    7776  (gg  g^)' 

R.A.  20"  37'"  6';  Decl.  —58°  44'. 9  1914835        198. i  1.43          13        450 

(9.0     .    .    .     12.5)  .&41         196.5        450 

1914.835    35.6   1. 13   23.8   360  .844    198.3  I. .50    0.6' 
.844    36.6    I. OS   23.7   360 


1914.84    197.6    1.47 
1914.84     36.1    1.09 

Hu.  1620.     C.P.D.  —64°  4074  Hu.  1628.     C.P.D.  —59'  7689 

R.A.  20"  38"  8»;  Decl.  —64°  20'. o  r  a.  21"  9"'  32';  Decl.  —59"  19'. 9 

(8-8  .        .        .  10. O)  (83  go) 

1914.873   278.0    1.52    1.4   360  1914.835   271.2   1.05    I.I   450 

rj     r  /->TiT-.     r    o    ^  -^    ^71. 1    O.92     0.7    4SO 

Hu.   1622.     C.P.D.  — 61°  6510  ,      

R.A.  20"  41™  25';  Decl. —61°  52'. 8  1914.84  271.2        0.98 

(8.4     .    .    .     II. 5) 

1914.841       299.3       1.31         1.6       360  Hu.  1629.     C.P.D.  -52=   1 1878 

.844       298.1       1.57       23.8       360  J  3  / 

1914.84  298.7        ~i'~^  R..\.  21"  19'"  41';  Decl. -52'  24'. 4 

(8.8     .   .   .    9.2) 
Hu.  162^.     C.P.D.  —52'   11777  1914.583       258.7       1.29       18.8       360 

.618       258.7       1.35       18.6       360 


.649       253.9       0.95       18.9       360 


1914.583       243.7       1.52       17.8       360  1914.62        257.1       1.20 

.858       247.0       1.57         1.4       360 


1914.72        245.4       1-55  Hu.  1630.     C.P.D.  —61=  6559 

Hu.    1624.     C.P.D.  — 59°   7657  R.A.  21"  20"'  52';  Decl.  —61°  o',6 

R.A.  20"  47"' 32';  Dec!. —59°  32'. 9  ^^'^     •  "  •  9-5) 

(8.5  .  .  .  8.8)  1914.835   234.1    2.70    2.0   450 

1914.841    262.8   4.05    1.7   360  844   233.3   2.71    1.6   450 

.844   262.8   4.03    0.2   450  847   236.8   2.83    0.8   450 

1914.84    262.8   4.04  1914.84    234.7   2.78 
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Hu.  1631.  C.P.D.  —60°  7484  Hu.  1639.  C.P.D.  —50°  11698 

R.A.  21"  22"  52';  Decl.  —60°  8'. 4  •                        R-A.  22"  16"  31';  Decl.  —50°  42'. 4 

(9.0     .    .    .     9-4)  (90     .    .    .     9.S) 

1914.835        200.9        1-44          1-8        450  1914-585          58. 5        0.77        19.8        360 

.S47        206.6        1.24          0.8        450  .646          59-5        0-63        190        475 


1914.84  203.8        1.34  1914.62  59.0        0.70 

Hu.  1632.     C.P.D.  -52°   11908  Hu.  1640.     C.P.D.  -52=    12031 

R.A.  22"  22"  38';  Decl.  —52°  11'. 5 
(8.6     .    .    .     12.0) 

Q    ■.  ,Qr  .     T  ,,      T  ,     ,-n  1914-585     257-5     2.63     20.0     360 

I9I4.817     lhl.4     I. 31      1.3     43O  CO-         _  c 

->   -^         '  ^  .618     257.0     2.70     19.9     360 


R.A.  21"  30'"  8';   Decl.  —52°   i'.3 
(8.8     .    .    .     13-0) 


.873        292.1        2.72  2.5        360 


Hu.  1637.     C.P.D.  —61°  6626 


.635  93.6        2.54        19-.3        360 


^0O-3 


■59        19-9        360 


Hu.    1633.      C.P.D.  —  57°   9965 

R.x-\..  21"  41'"  51';  Decl.  —57°  21'. 8 
(9-5     •    -    -     9-5) 
1913.836        137-2        1-52  1-7        300 

Hu.  1634.     C.P.D.  —60°  7512 
R.A.  21"  42""  33';  Decl.  —60°  o'.3 

(8-5     -    -  •     10.5)  Hi,     16^2.     C.P.D.  —52"    12079 

1914.83S        249.4  2.40  1.9        360 

.847        252.7  2.32  1.5        450  R..\.  22-44'"  25^  Decl.  — 52°  32'.9 
.        (8.5     -    -    -     II. 5) 


1914.63  257.7        2.64 

Hu.  1641.     C.P.D.  —63=  4819 

R..'\.  22'  39"'  29';  Decl.  — 63°   I'.i 
(9.0     .    .    .     10.5) 
1914.849  75.7        I. 41  2.8        360 


1914.84  251.0        2.36  1914.646        161. o        6.73        20.7        360 

.649        160.5        7-27        20.3        360 
„  _  „  T        /-  -684        162.7        6.61        20.2        360 

Hu.  1635.    C.P.D.  —50"  1 1634  :      1      

R.A.  21"  SI"' 40";  Decl. -50°  50'. 4  '914-66  161. 4        6.87 

(8.7     -    ■    •     12.0) 
1914.817       264.6       1.02        2.0      360  Hu.  1643.     C.P.D.  — 59°  7847 

R.A.  22"  53"'  21';  Decl.  —59°  6'. 5 
Hu.    1636.     C.P.D.   —62°   631 1  (7.0     .    .    .     10. o) 

R.A.  22-4"'  /';   Decl.  -62°   35'-8  I9I4-835  3-9        i-75  2-2        450 

(8.8     .   .   .     II. o) 
1914.852       293.4       2.66        2.8       360  Hu.  1644.     C.P.D.  — 62°  6406 


R.A.  23"  5'"  II';  Decl.  —62°  29'.! 


1914.86  292.7        2.69  •^^■^     ■    ■    ■     9-9) 

1914.882        341-8        0.54  3-0 


Hu.   1645.     C.P.D.  —61°  6731 


R.A.  22'  4"'  15';  Decl.  —61°  49'- 1  ,„,..,     T^    ,<:  o      -  , 

(85     ...     lo.o)  R.A.  23"  5"'  46';  Decl.  -61     15  -7 

1914.847        192.9        5.23          2.3        360  ^^^^^^^     (70  ^    .    ^^o)    ^^        ^^ 

Hu.  1638.   C.P.D. -52°  12002  _!!!    ^^    !:!!     '■'     ''' 

R.A.  22"  9'"  8»;   Decl.  —52°   33'.9                          .  1914.84            78.4        0.94 
(8.0     .    .    .     95) 

1914.585          93.1        2.80        19.3        360  Hu.    1646.     C.P.D.  —65°   4118 
.618          91. I        2.56        19.4        360 


R.A.  23"  8"'  5';  Decl.  —65°   56'. 4 
(9.0     .    .    .     9-0) 


1914.61  93.3        2.63  1914.882        307. 5        0.33  3.4        450 
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Hu.  1647.    C.P.D.  —64^  4346 

R.A.  23'  15"'  S3';  Decl.  —64'  32'. 9 
(8.8    .   .   .     II. o) 
1914.882         50.6       8.53         3.7        360 

llii.   1648.     C.P.D.  —63'  4888 

R..\.  23'  19"'  10* ;  Decl.  —63°  55'.; 
(7.2     .    .    .     12.5) 
1914.882        282.4        1-93  3"        360 


Hu.  1649.     C.P.D.  —43'  9803 

R..\.  23"  so"  i';  Decl.  —43°  59'-2 
(9.0     .    .    .     9.5) 
I9M~37        265.6        1.04  2.5        360 

IIll.    1650.     C.P.D.  — 45"    10495 

R.A.  23'"  SO""  7";  Decl.  —45°  24' -8 
(9.0    .   .   .     10. o) 
1914-737        319-6       4.18         2.7        360 


OBSERVATIONS  OF  SOUTHERN  DOUBLE  STARS 

By  W.  J.  HUSSEY 


The  following  observations  of  southern  double 
stars  were  made  with  the  large  refractor  of  the 
La  Plata  Observatory  during  my  last  two  periods 
of  residence  in  Argentina.  The  objective  of  this 
telescope  was  made  by  Paul  and  Prosper  Henry 
of  the  Paris  Observatory.  It  has  a  clear  aperture 
of  433  mm.,  or  17  inches,  and  a  focal  length  of 
9.6  m.  It  gives  good  images  for  visual  work, 
which  is  of  fundamental  importance  in  the 
measurement  of  close  pairs.  The  mounting  was 
made  by  P.  Gautier,  of  Paris.  It  is  comparatively 
simple  in  design,  well  constructed,  and  sufficiently 
rigid  for  practical  purposes.  The  driving  clock 
has  always  performed  satisfactorily. 

Two  micrometers  have  been  used  in  making 
the  measures:  a  small  one  originally  constructed 
by  P.  Gautier  for  the  8.4-inch  refractor  of  the 
La  Plata  Observatory  and  afterwards  modified  in 
the  Observatory  Shop  for  use  on  the  large  re- 
fractor, and  a  new  filar  micrometer  constructed 
by  The  \\'arner  Swasey  Company  for  the  large 
refractor.  The  small  micrometer  was  used  until 
the  new  one  was  received  and  installed.  All  the 
measures  since  February  11,  1914,  have  been 
made  with  the  new  micrometer.  The  telescope 
and  micrometers  are  briefly  described  in  the  first 
volume  of  the  Publications  of  the  La  Plata 
Observatory,  to  which  the  reader  is  referred  for 
further  particulars. 

In  general,  each  position  angle  given  is  derived 
from  the  mean  of  four  settings  of  the  circle  and 
each  distance  is  the  mean  of  three  measures  of 
the  double  distance.  The  numbers  in  the  last 
two  columns  are  the  sidereal  times  of  observa- 


tion and  the  powers  used.    The  right  ascensions 
and  declinations  are  for  the  epoch  1875.0. 
Axx  Arbor,  Michigan, 
March  2,  1915. 


h  3391.     C.P.D.  —58 

R..\.  o"  37"'  42';   Decl.  — 
(4.0     .    .    .     II. o) 
1914.852       218°. 9    20". 44 


42 

,8°  8'. 9 


2".0 


370 


Innes  707. 
R.A 


C.P.D. 


19 I 3. 819 
^ 

1913-83 


47     90 
44""   I';   Decl.  —47°   32'. 7 
(9.3     .    .    .     10. o) 
261.8        1.42        ....        400 
261. 1        1.28  2.2        400 

261.5        1.35 
C.P.D. 


53'  228 


Innes  49. 
R.A.  o'  ss"  II';  Decl.  —53°  15' 
(8.5    .   .   .    8.5) 
1914.684         53.2       0.61        22.7 


b  3430 
R.A.  i"  I 


1914.88. 

h  3437- 
R.A.  i"  21°' 


15     29- 
(7-5     - 
236.6 


C.P.D.  —57 

Decl.  —5: 
.  10. o) 
2.43 


292 
59'.  9 


SD. 


1912.850 
.856 


1912.85 


21  "■  59 
(9.0    . 
156. 8 


Decl.  — 
■    ■     9-3) 

8.87 

9.09 


4-9 

18=   234 
—  17°  54' 


23-5 
24.0 


300 
300 


1,6.0       8. 


Dunlop  5 
R.A.  i"  35' 

(7-0     . 
1913.787       205.4 


C.P.D.  —  56°  329 

3';  Decl.  —56°  49'. 7 

.    .  ■.     7-0) 

55        23.8 


168 
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h  3473.     C.P.D.  —52=  241 

R.A.  i'  SI"  7';  Decl.  —32°  13'. 7 
(5.0    .   .   .     10. o) 
1914.756        196.6        5.79       23.0       360 

Cordoba  4.     C.P.D.  —52"  246 

R.A.  i"  52"  50^  Decl.  —52°  48'. 5 
{S.2     .   .    .     10. o) 
1914.756  42.5        3.35        23.3        450 

Cordoba  6.     C.P.D.  —45^^  283 

R.A.  2"  46""  21';  Decl.  —45°  45'. 4 
(91     •    ■    •     9-3) 
1912.850  2.2        3.29        23.8        300 

.859  i.o        3.69        24.0        300 


1912.85 


1-6        3.49 


h  3550.     C.P.D.  —51°  361 

R..\.  3'  o"  38';  Decl.  —51°  48'./ 
(7.5     .    .    ■     8.0) 
1914.756  78.9      38. 57  0.7        370 

Innes  55.     C.P.D.  -44'  338 


R.A.  3"  S""  2'; 

Decl.  - 

++ 

°    S3' 

•4 

(A  =  8.o,Bz 

=  8.5,C  = 
KB 

=  I 

•3) 

1912.850        168.5 

0.91 

0.0 

300 

.856        167.2 

0.83 

0.8 

300 

.859        171-2 

0.85 

0.1 

300 

1912.86         169.0 

0.86 

AB  and  C 

1912.850        210.4 

3.06 

0.1 

300 

.856        206.3 

323 

1.0 

300 

859        212.4 

3.36 

0.2 

300 

1912.86  209.7  3-22 

Innes  56.     C.P.D.  —43=  353 

R.A.  3''  14"'   12';  Decl.  —43°   5'. 9 

(8.4     .    .  .     II. 3) 

1912.853        255.9  3  87          0.4        300 

.856        256.3  4. II          1.6        300 

•859        255.8  4.04          0.5        300 


1912.86 


256.0        4.01 


h  3576  =  ^24.     C.P.D.  —46=  319 
R.A.  3"  20"  24';  Decl.  —46°  6'. 3 
{7-7     .   ■    .     9.2) 
1912.850        342.4        3.23  0.4        300 

■853        338.4        309  0.9        300 

•859        340.0        3.14  0.9        300 

1912.85  340.3        3.15 

Cf.  Innes :  Reference  Catalogue,  p.  24 


h  3575-     C.P.D.  —51°  404 

R.A.  3"  20'"  54';  Decl.  —51°  30'. 3 
(7.0     .    .    .     10. o) 
1914.756  44.2      28.94  10        360 

Sellers  5.     C.P.D.  —48^  391 

RA.  3"  37"  59';  Decl.  —48°  38'. 2 
(.7.7     .   ■    .     9.2) 
1912.894        184.9        1-72         0.8       300 
.897        1S5.0        1.66         0.8       300 


1912.90 


185.0        1.69 


A  31.     C.P.D.  -48=  395 

R.A.  3"  42™  28';  Decl.  —48°  16'. 9 
(8.5     .    .    .     12.0) 
1912.894         76.4        7.84         I.I        300 
.897         74.6        7.32         0.9       300 


1912.90 


7.58 


Dunlop  17.     C.P.D.  —54°  616 

R-A.  3"  57°'  50';  Decl.  —54'  40'. 4 
(7-7     ■    ■   .     8.1) 
1912.877        195.8        5.39  0.5        300 

1913.718        193. I        5.44  I.I        300 

.787         194.4        5-49  0.9        300 


1913.46  194.4 


■44 


Innes  269.     C.P.D.  —54°  618 

R.A.  3'  58"  2»;  Decl.  —54°  45' -3 
(7.7     .   .   .     II. 0) 
1912.877       260.9       370         0.7        300 
I9I3"87        261.6        3.45  1.0        300 


1913.38  261.3        3-58 


Innes  271.     C.P.D.  — 43-   439 

R..\.  4"  17"'  43";  Decl.  —43°  5'. I 

(7.7     .    .  .     10.4) 

1912.853        142.8  2.69          1.6        300 

.856        146.4  3.06          2.3        300 

.859        142.2  2.69          1.3        300 


1912.86 


143-8 


.81 


Rumker  4.     C.P.D.  — 57°  659 

R.A.  4'  21""  46';  Decl.  —57°  21'. 2 
(7.2     .   .   .    7-8) 
1912.877       239.6       6.40         1.5        300 
.951        238.6       6.42         2.4       300 


1912.91 


239.1        6.41 
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Arcciiii|);i.     C.P.D.  —42'   513 

R.A.  4''  36"'  .u";  I>ecl,  — 42°  6'. 2 

(4.5     .   .  .     12.0) 

1912.85Q        U.S. 4  6.69          1.6        3c» 

.016        114. I  6.13          1.6        300 


1912.89 


114. 7 


6.36 


Innes  60.     C.P.D.  — 45°  503 

RA.  4"  37"'  21';  Decl.  -45°  56'. 8 
(,8.8     .   .   .     9.0) 
1912.894         96.7       2.79         2.5        300 
■  897         97- 1        2.5s  1.8       300 

.919         97.0       2.57         2.6       300 


1912.90 


96.9       2.64 


h  3683.     C.P.D.  -59°  370 
R.A.  4"  38"'i4';   Dccl.  —59°    11'. 3 
(7-5     .    .    .     8.0) 
1914.920        263.4        0.91  1.6        450 

Cordoba  9.     C.P.D.  —48"  530 

R.A.  4"  38""  22';  Decl.  —48°  3'. 8 

(7.6     .   .  .     10. o) 

1912.894       234.3  3-78  ,2.1        300 

.897       234.6  4.00         1.7       300 

.919       230.3  3.77         2.7       300 


1912.90 


233  I 


3.8s 


Innes  342.     C.P.D.  —54=  718 

R..\.  4"  46"'  50';   Decl.  — 54°  6'. 2 
(8.2     .    .    .     8.6) 
1912.935        163.6        1.42  2.5        300 

.938         163.4         1-39  2-3        300 


1912.94 


163. 


1. 41 


Innes  343.     C.P.D.  —54=  719 

R.A.  4''  47'"  8';   Decl.  — 54"  40'.! 
(7.6     .    .    .     12.0) 
1912.877  56.1        2.87  2.0        300 

.932  50.5        2.20  2.7        300 

.938  49. 8        2.59  2.2        300 


1912.92 


h   3715.     C.P.D.  —49°   611 

R.A.  4"  56™  14';  Decl.  -49°  38'. 7 
(7-5     ■    •    •     9-2) 

1912.845         112. 5        9.87         300 

.897         112. 5        9.78         300 


li  3739-     C.P.D.  —48^  618 

R.A.  5"    10'"  6';    Decl.  —48°    i'.4 
(8.4     .    .    .     9.0) 
1912,845        280,0        3,24        ....        300 
.8(>7        280.8        3.62        300 


1912.87 


280.4        iAi 


h  3767.     C.P.D.  -47     595 

R..\.  5"  26'"  44';  Decl.  —47°   10'. 2 
(5-5     ■    •    •     12.0) 
1912.S45        250.2      25,84  2.3        300 

.894        250.0      26.07  3-4        300 

.897        250.4      25.86  2.8        300 


1912.88 


250.2      26.26 


Innes  62.     C.P.D.  —47°  596 

R.A.  5"  27"'  7';  Decl.  -47°   I7'.7 

(8.9     .  .   .     9.5) 

1912.894        176.8  0.96          z.i        300 

.897        180.9  I  03          3.0        300 


1912.90  178.9        I. 00 


Dunlop  22.     C.P.D.  —42^  686 

R.A.  5"  27"'  17';  Decl.  -42°  23'. 7 
(6.8     .    .    .     7.5) 
1912.856         168.7        7-44  3-3        300 

.859         169.9        7.44  2.4        300 


1912.86  169.3        744 


h  3784.     C.P.D.  —46°  609 
R.A.  5"  34"  40';  Decl.  —46°  9'. 7 


(8.0     . 

1912.845         63.8 

.894         64.1 

.897         63.9 


igi2.88 


63-9 


.     9.3) 

5-37  2,5  300 

5-37  iS  300 

5,51  3.1  300 

5-42 


A  55.     C.P.D.  -47^  645 

R.A,  5"  42"'  12';  Decl.  -47°  25'. 9 
(8.5     .    .    .     10.2) 
1912.84s        308.5        1.27  2.6        300 

1913.241        307.0        1.54         8,8       300 
,244        308,4        1,44  8,6        300 


1912,87  112. 


9-83 


1913-11 


308.3 


1.42 
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Sellers  15.     C.P.D.  —61°  541 

R.A.  5"  52'"  4":  Decl.  —61°  51'. 7 

(7-3     .   ■    ■     8.3) 

1914.956        319.4        0.62  2.4 

.961        321. I        0.73  2.5 

.964        319. S        0.68  4.1 


450 
450 
450 


1914.96  320.0        0.71 


A  61.     C.P.D.  —44^  796 

R.A.  6"  4"  54';  Decl.  —44°  20'. i 
(6.5     .    .    .     13.0) 
1912.916        121. 3      33.34  3.0        300 

1913.244        120.6      33.46  9.9        240 

1913.08  121. o      33.40 


h  3846  =  Cape  23.     C.P.D.  —49^  895 

R.A.  6"  11'"   10';   Decl.  — 49°  4'. 4 
(8.7     .    .    .     9-8) 
1912.845  62.9        4.83  3-1        300 

.919  63.2        4.78  3.2        300 


1912. 


63 . o        4 . 80 


Innes  3.     C.P.D.  — 61°  607 

R.A.  6"  II"'  14^  Decl.  —61°  26'. 2 
(7.0     .   .   .     8.0) 
1914.956  4.2        0.75         2.5       450 

.961  55        0.82         2.6       450 

.964  1.3        0.74         4.0       450 


1914.96 


3"        0.77 


Innes  156.     C.P.D.  —48=  856 

R.A.  6"  22'"  25";   Decl.  —48°  6'. 3 
(6.0     .     .     .     9.0) 
1912.919        129.3        i-o6         3.5        450 
1913.241        128.7        128         9.3        670 
.244        127.0        1.28         8.9       670 


1913-13 


128.3 


Cordoba.     C.P.D.  —48-"  888 

R..\.  6"  32"'  33";  Decl.  —48°  10'. 6 
(7-5     .    .    .     9-2) 
1912.845        201.6      10.88  3.6        300 

.897        201.5      10.82  3.5        300 

.919        202.3      10.88  3.7        300 


Dunlop  31.     C.P.D.  —48"  907 

R.A.  6"  35"'  i8^  Decl.  —48'  6'. 5 
(5-5     .   .   .     8.0) 
1912.845        319.4      13.13         3.7        300 
•S97        3i<3-9      1300  3.6        300 

.919        318.6      13.00  3.8        300 


1912.89  319.3      13.04 

Innes  5.     C.P.D.  —61°  688 

R..\.  6''  36"'  40';  Decl.  —61°  25'. 3 
(7.0     .   .   .    8.8) 
1914.956        271. I        2.70         3.9        360 
.963        271.7       2.76         3.2       360 


1914.96 


271.4        2.73 


Innes  480.     C.P.D.  —54^   1088 

R.A.  6"  40"'  25';  Decl.  —54°  59'. 5 
(7.2     .    .    .     10. o) 
1912.938  2.5        5.81  4.1        300 

.951  0.0        5.79  3.0        300 


1912.94 


1.8 


.80 


Innes  6.     C.P.D.  —61°  706 

R..\.  6''  41"  10';  Decl.  — 61°  37' .7 
(7-5     •    •    •     8.0) 
1914.948        254.2        0.79  3.4        450 

•  956        253.6        0.75  4.0        450 


1914.95  253.9        0.77 

h   3895.     C.P.D.  -47^   948 

R..\.  6''  43'"  21';  Decl.  —47°  40'.  I 
(7.0      .    .    .      13.0) 
1912.845  63.5       26.41  3.9        300 

.897  64.0      26.43  3.7        300 


1912.87 


63.8      26.42 


Innes   158.     C.P.D.  —48^  954 

R.A.  6"  44'"  3';   Decl.  —48°   25'. 6 
(7.5     .    .    .     10.5) 
1912.919        182.6        1.62  3.9        450 

1913.241         185.3        i-8i  9-5        670 

.244        189. I         1.77  9.0        670 


191314 


185.7 


1-73 


1912.89  201.8      10. 


Innes  157.     C.P.D.  — 54°   1015 

R.A.  6"  44'"  10';  Decl.  —54°  33' -4 
(7.0     .    .  _.     9-5) 
1912.938        338.8        1.72  4.3        450 
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Cape  19.     C.P.D.  — 47^  999 

R.A.  6"  48"'  8";  Dccl.  —47°  .<)'.o 

(92     .  .    .     9-5) 

191^807        300.5  2.04          3.9        300 

.910        300.3  2.43          4.0        300 

1913.241        301.7  2.43          9.7        670 


191302 


300.8 


Innes  7.     C.P.D.  — 46°   1360 

R..\.  7"  13""  54';  Decl.  —46°  46'. 2 
(7.5     •    ■    ■     9-2) 
1912.919       205.4       096         51        450 
1913.241        210.5       0.88         9.8       670 
.244       207.0       0.86         9.1        670 


30 


1913.13        207.6       0.90 


Innes     483.     C.P.D.  —57^   11 16 

R.A.   7''   I'"   4';   Decl.   —57°    18'. 9 
(8.8    .   .    .     II. o) 
1912.938  32.9       11.27  4  7        300 

•951  33-6      n.34  3.6        300 

1913.028  33.6      11.36  4.5        300 


1912.97 


334      11-32 


Hargrave  9.     C.P.D.  — ^6''   1265 

R..A..  7"  7"'  25';  Decl.  — 56'   10'. o 

(8.3     •  ■    •     9.7) 

1912.938        220.4  1.69          4.8        450 

.951        224.0  1.30          3.8        450 

1913.028        220.4  1.47          4-3        450 


1912.97 


1.49 


h  3941.     C.P.D.  —60°  782 

R.A.  7"  7'"  41';  Decl.  —60°   10'. 6 

(8.1     .  .    .     8.6) 

1914-956        302.1  0.93          4.2        360 

.964        301.8  0.94         4.9        450 


1914.96 


Sellors  23.     C.P.D.  — 43^   1376 

R.A,  7"  16'"  59';  Decl.  —43°  35'. 4 
(9.0     .   .   .     10. o) 
1912.916        157.7       2.60         5.0       300 
1913.020        157.0       2.38         5.5       300 


1912.97 


157-4 


•49 


A  88.     C.P.D.  —56'  1442 

R.A.  7"  46'"  26';  Decl.  —56°  5'. 6 
(6.8     .    .    .     12.2) 
1912.938        180.5        6.89  5.4        300 

.951        179.8       6. 96         4.6       300 


1912.94 


180.2       6.92 


Cordoba  17.     C.P.D.  — 54=   1401 

R..\.  7''  46""  47';  Decl.  —54°  45'. 7 
(7.5     ■    •    •     90) 
1912.935  56.5        4-27 

■938  55  I        400 

.951  55-7        4-00 


50  300 
5-2  300 
4-3        300 


302.0 


0.94 


1912.94  55.8        4.09 


Dunlop  41.     C.P.D.  — 55^    1 174 

R.A.  ;"  ;"■  51';  Decl.  -55'  22'. S 

(7.7     .  .    •     7.7) 

1912.938        227.1  7.11          4.4        300 

.951        226.1  7.20          4.0        300 

1913.028        226.9  705          4-2        300 


1912.97  226.7        7-12 

Dunlop  41  r=  Riimker  5  =:  Ward  3 

Sellors  22.     C.P.D.  —44°   1360 

R.A.  7"  10"'  33';  Decl.  —44"  26'. 7 
(9.0     .   .    .     10.2) 
1912.916        261.8        2.16  4.9        450 

1913.244        262.6        1.88        11.5        670 


Brisbane.     C.P.D.  — 44°  2475 

R.A.  8"  14'"  48';  Decl.  —44°  38'. 7 
(8.0     .    .    .     8.2) 
1913017        326.9        5.29  5.8        300 

.028        327.7        5.42  5.4        300 

•034        326.7        524  4.9        300 


1913-03 


327-1 


Dunlop  70.     C.P.D.  —44=  2668 

R.A.  8"  25"'  I5^  Decl.  —44°  18'. 3 
(6.2     .    .    .     8.0) 
1912.916        352.3        4.87  5.6        300 

1913017        350.0        4.80         6.4        300 
.028        352.9        4.73  5.7        300 


1913.08  262. 


1912.99 


351-7        4-S 


172 


UNIVERSITY  OF  MICHIGAN 


Innes  i6S.     C.P.D.  — 44'  2685 


R.A.  S" 

26°-  26'; 

Decl.  - 

-44°   18'. 9 

(-.0     . 

.     10. 

^) 

1913017 

76.6 

3-53 

6.5        300 

.02S 

80.3 

3/0 

5-8        300 

■0J4 

73-4 

3.5« 

5-5        300 

.036 

74-8 

3.63 

6.7        300 

.088 

74-9 

3 -55 

5-2        300 

76.0       3.60 


Tnnes  315  =  Innes  811.     C.P.D.  — 42'  2827 
R.A.  8"  37'"  28';   Decl.  —42°   g's 


(9.3  . 

•     9- 

-) 

I9I3.0I7 

168.5 

0.90 

7.0 

4,S0 

.028 

173 -3 

0.90 

6.4 

450 

•034 

1750 

i.oS 

6.5 

4.^0 

.0S8 

169.7 

I  03 

S-7 

450 

1913.04  171. 6        0.98 

Jacob  5.     C.P.D.  — 42-  2926 

R.A.  8"  42"  4';    Decl.  —42°  6'. 5 
(8.0     .   .   .    9.5) 
1913.028       310.0       2.28         6.5        300 
•034       309.9        2.31  6.7        300 

.088       309.6        2.50         5.8       300 


1913- 05 


309.8 


Innes  317.     C.P.D.  — 42=  31 14 
R.-\.  8''  50"  40';  Decl.  — 42°  59'. 4 


1913.020 
.028 
•  036 


302.0 
3048 
303  o 


9.0) 

2.21  6.0  300 

2.25  6.7  300 

2.15  6.6  300 


191303  303.3        2.20 

Cordoba  20.     C.P.D.  — 42^  3149 

R.A.  8"  52"'  36';  Decl.  —42°  46'. 4 
(7.7     .   .    .     9.5) 
1913.020  49.9        3.26  6.1        300 

.036  48.4        3.13  6.7        300 

.088  48.4        3.29  6.2        300 


191305 


48.9 


323 


h  4181.     C.P.D.  —54=  2020 
R.A.  9"  2""  29';   Decl.  —54°   13'. 8 

(9-5     •    ■    ■     9-8) 
1913.151         134.8        321  7.8        300 

•157        133-3        2.91  6.6        300 


Cordoba  21.     C.P.D.  — -43-   3403 


R.A.  9" 

5"  22»;   E 
(8.0     .    . 

eel.  — 
.     9.0 

43 
) 

°  40' 

0 

1912.916 

49-4 

2.69 

6.9 

300 

1913.020 

47-4 

2.43 

6.6 

300 

.036 

SO. 6 

2.75 

70 

300 

.088 

48.3 

2.99 

6.6 

300 

191302 

48.9 

2.72 

A  iio 

C.P.D. 

-4C 

" 

^477 

R..\.  9"  7"'   iS';  Decl.  —46"  22'. s 
(9.0     .    .    .     9.0) 
1913.020      ■    53.8        I. 15  6.8        300 

Innes  11.     C.P.D.  — 45-  3566 

R..\.  9"  10"  43^   Decl.  —45=  2'. 3 
(6.S     .    .    .     7.0) 
1913.020        280.4        0.95  7.1        450 

•195        274.4        0.78  7.3        670 


1913.11 


77-4 


0.87 


Innes  31.     C.P.D.  —56°  2266 

R.A.  9"  27"'  7';  Decl.  —56°  25'. 9 
(9.0     .    .    .     10. o) 
1913.122        155.5        324  7-0        300 

•144        1554        3-20  7.6        300 


1913-13 


^.22 


Innes  836.     C.P.D. 
Decl 


R-^-  9"  a'"  3^' 

(8.8    . 

1913.122        203.1 

.144        205.1 

.TtI        201. S 


1913-14 


203.3 


54-    2510 

54°  22'. 6 
.      II. o) 

2.50  6.8        300 

2.53  7-8        300 

2.55  8.2        300 

2-53 


Dunlop  Si.     C.P.D.  — 44"  4340 

R.A.  9"  49"'  22';  Decl.  —44°  41'. 6 
(6.0     .    .    .     8.5) 
1913.020        240.9        5.39  7.6        300 

034        240.5        5.69  7.1        300 

.036        241.9        5.46  7.3        300 


191303 


241. 1 


Innes  499.     C.P.D.  —53=  3290 

R.A.  10"  i"  25';  Decl.  —53°  59'-2 
(8.0    .   .   .     10. o) 
1913.110       305.3        2.15         7.6        300 
.122        306.1        1.76         8.0       300 
.144       302.7        I. 91         8.2        300 


191315 


134.0       3.06 


1913-1- 


304- 


1.94 
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A  1 18^  Junes  850.     C.r.D.  —54^  3352 

R.A.  10"  10'"  33*;  Decl.  —54°  55'. 8 
(7-5     •    ■    •     12-S) 
1913.122        145.3      1403  7-6        300 

Russell   140.     C.P.D.  — 55"  3229 

R.A.  10''  14'"  26';  Decl.  —55°  23'. 7 
(.8.0    .   .   .    9.0) 
1913.107        279.6       3.67         7.6       300 
.122       281.3        341         8.2        300 
.144       278.9       3.60         8.3       300 


1913.1; 


2799        356 


Innes  208.     C.P.D.  —43'  4636 

R.A.  10"  18'"  31';  I^ecl.  —43°  36'. 6 
(7.5    ■   •   ■    8.5) 
1913.036         29.5       0.84         8.4       450 

Dunlop  SS.     C.P.D.  —44"  4896 

R.A.  10''  26'"  iy';  Decl.  — 44°  25'. 4 
(6.0     .    .    .     6.3) 
1913.020        218.4      13-39         8.6        300 
.034        218.9      13-55  8.0        300 

.036        218.5      13-47  6.0        300 


1913-03 


218.6      13.47 


Cordoba  24.     C.P.D.  — 57"  3472 

R.A.  10"  30'"  18';  Decl.  —57°  i'.9 

(8.0     .    .  .     10.5) 

1913.187        2397  4.93          7.4        670 

.297        239.2  5.14        14.2        670 


1913-24 


239-5        5-04 


Cordoba  25.     C.P.D.  —44-   5033 

R.A.  lo""  37'"  6';  Decl.  —44^  36'. 4 
(8.8     .    .    .     9-5) 
1913.034        225.3        3-i8  8.1        300 

.036        225.9        306  8.5        300 

.195        226.1        2.80         8.6       300 


1913.09         225.8       3.01 

Innes  398.     C.P.D.  —  56^  3761 

R..\.  10"  40'"  46';  Decl.  —56°  39'. 6 
(9-2     .    .    -     9-5) 
1913.187        234.6        4.60  8.0        300 

•  297        235.4        4-87        14-4        300 


Innes  862.     C.P.D.  —54     4128 

R.A.  10"  48"'  30";  Decl.  —54°  36'. 4 
(8.8     .   .   .    9.5) 
1913.107  10.2       2.38         8.1        300 

.110         10.9       2.43         8.1        300 
.122         10. 5        2.47         8.6        300 


1913-11 


10-5        2.43 


Innes  863.     C.P.D.  —54°  4208 

R.A.  10"  S3"'  22";  Decl.  —54°  16.2 
(9.0     .    .    .     9.2) 
1913-107        318.4        1.37  8.2        300 

.110        316.8        1.23  8.2        300 


1913.11 


317.6        1.30 


Innes  865.     C.P.D.  —48^  3648 

R.A.  10"  55""  o';  Decl.  —48°  39'. 9 
(8.5     .   .   .     10. o) 
1913-487       288.1        2.57        14.4        300 

Innes  875.     C.P.D.  — 54-   4427 

R.A.  11"  n'"  o';  Decl.  -54°  52'. 5 
(8-5     .   -   .     10.5) 
1913.107        239.0        2.23  8.7        300 

-iSi        235.3        2.47  9.4        300 


1913-13 


2372        2.35 


A   129.     C.P.D.  —52=  4466 

R.A.  11"  14"'  8";  Decl.  —52'  47'. 5 
(7.6     .    .   .     U.8) 
1914.967  7.1        6.68  8.4        360 

.972  6.8        6.77  8.7        360 


1914.97 


7.0        6.73 


Russell  168.     C.P.D.  —42'  5254 

R.A.  n"  16'"  32';  Decl.  —42°  16'. 4 
(9.0     .    .    .     9-5') 
1913.020        307.6        3.20         8.9        300 
.195        308.2        2.97  8.9        300 


1913.11 


307.9        3 -09 


Gillis  i65  =  \V.O.  112.     C.P.D.  —60'  3159 

R.A.  11"  30'"  43';  Decl.  — 60°  12'. I 
(7-5     .    ■    .     8.5) 
1914.961  4.6        2.01         ....        450 

.964  5.7        1.92  8.4        360 


1913.24  235.0        4.74 


1914.96 


1-97 
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Innes  890.     C.P.D.  —54"  4744 

R.A.  11'  3S'"  47';  Decl-  —54°  46'. i 
(8.2     .    .    .     II. 2) 
1913-157        3062        2.53  9.3        300 

.184        309-3        2-59  9-6        300 

.187        306.6        2.84  9.3        300 


1913.18  307.4 


.6:; 


Cordoba.     C.P.D.  —25'  4812 

R.A.  11"  39""  2';  Decl.  —25°  32'. 5 
(8.S     .   .    .     9-0) 
1913.277        275.2       4.88         9-8       300 

Russell  179.     C.P.D.  — 57^  4970 

R.A.  11"  39"'  58';  Decl.  —57°  23'. 5 
(8.8     .   .   .     8.8) 
1913.157        177.6        S-20         g.6        300 
.184        177.3        50s         9.8       300 
.187        177. I        5-27         9-8       300 


1913.18  177.3        5-1/ 

Innes  894.     C.P.D.  —44°  5764 

R.A.  ii"  si""  26';  Decl.  —44°  38'. 6 
(9.2     .    .    .     9.6) 
1913.238        197.8        1.25  9.4        300 

.241        200.4        1-35  9-3        670 

.487        200.7        1-20        15. I        300 


1913.32 


1.27 


W.  O.  115.     C.P.D.  —57°  5217 

R.A.  11"  57"'  22'' ;  Decl.  —57°  2'. 8 

(8.2     .    .    .     9-5) 

1913.107        245.2        1.86        10. o 

.144        245.9        1.98  9-6 

.151        244.4        2.06  9.7 


300 
300 
300 


1913-13 


245.2        1.97 


Innes  423.     C.P.D.  —44°  5866 

R.A.  12'  4"'  ss^;  Decl.  —44°  43'. 7 
(7.0     .    .    .     12.2) 
1913.238        164. I        2.91  9.6        300 

.241         163.9        2.92  9.5        300 


1913.24  164.0        2.92 

Howe  20.     C.P.D.  — 23''  5474 

R.A.  12''  15"  2';  Decl.  — 23°  31'. 6 

(8.5     .  .   .     8.8) 

1913.258        149.6  5.20          9.8        300 

.277        148.6  5.26        10.4        300 


Innes  903.     C.P.D.  —43^  5774 

R..\.  12"  16'"  54';  Decl.  —43°  59' -9 
(9.5     .    .    .     10.5) 
1913.261        271.6        2.69  9.9        240 

a  Crucis.     C.P.D.  — 62^  2745 

R.A.  12"  19'"  38';  Decl.  —62"  24'. 3 
(3.0     .    .    .     3-5) 
1914.964        118. I        5.14  9.2        360 

Innes  219.     C.P.D.  —55^   5115 

R.A.  12"  24"  55%-  Decl.  —55°  25'. 7 

(8.8     .    .    .     9-5) 

1913.110  SI. 7        1-79  9-3  300 

.122  55.6        1.67  9.5  300 

.144  51.2        2.13        10. o  300 

.151  49.4        2.13        10. 1  300 


191313  520        1.93 

W.  O.  116.     C.P.D.  —55°  5161 

R.A.  12"  31"'  7';  Decl.  —55°  14' -5 
(7-2     .    .    .     8.8) 
1913.116        194.0        I. 91  9-6        300 

.122        193. I        1.99         9-6       300 
.144        192.9        1.94        10.3        300 


1913.12  193.3        1.95 

Innes  908.     C.P.D.  —24"  4902 
R.A.  12"  36""  50';  Decl.  —24°  33'. 2 
(9.5     •   •   •     10.5) 
1913.258        155-7       3.43        10. o       300 
.277        IS3-7        3-46        10.5        300 


1913.27  154-7        3.4s 

N.  Z.  31.     C.P.D.  —4'^°  6031 

R.A.  12''  39"  26';  Decl.  —45°  23'. 4 
(9.5     .    .   .     10. o) 
1913.261  23.3        1.37        10.3        300 

Cin.   74.      C.P.D.  —23°    5710 

R.A.  13"  7'"  42';  Decl.  —23°  37'. 3 
(6.5     .    .    ■     ii-o) 
1913-277        333-0      12.44        II. 4        300 

Innes  920.     C.P.D.  —22°   5583 
R.A.  13"  II'"  16';  Decl.  —22°  50'. 4 
(8.5     .    .    .     II. 2) 
1913.258        222.8        1.32        10.7        300 
.277        217.3        1-45        11-6        300 


1913-27 


149.1        S-23 


1913-2; 


220.0        1.39 
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Inncs  939.     C.r.D..  — 44'  6627 

R.A.  13"  56"'  16';  Decl.  —44°  o'.8 
(A -=8.8,  B  =  8.8,  C-12.0) 
AI? 
1913.261        144.2       0.76        1 1. 3       670 
.294        136.4       0.78        10.6       670 


Innes  995.     C.I'.D.  —45'   8203 


1913.28        140.3       0.7- 
A  B  and  C 
1913.294  74.0        7-94        10.7        300 

Innes  522  =^  Inncs  940.     C.P.D.  — 23"   5832 

R.A.  13"  56'"  44';  Decl.  —23°  32'. 6 
(8.4     .    .    .     9-0) 
1913.258        296.0        I. OS        12.0        670 
.277        299.6        0.83         II. 8        670 


1913-27 


297.8        0.94 


A  198  =  Innes  942.     C.P.D.  — 43''  6429 

R.A.  14"  2"  8";   Ded.  —43°  41'. 2 
(7.6     .    .    .     II. 8) 
1913.294        139. 1        9.29        II. 2        300 
.624        135.8        8.67        18. 1        300 


1913.46  137.4        8.98 


Innes  943.     C.P.D.  — -44°  6671 

R.A.  14''  2'"  45';  Decl.  —44°  24'. 9 
(8.9     •    ■    •     11-5) 
1913.261        315.0        4.61         II. 7        3CO 
.294        316.2        4.60        II. I        300 


1913-28 


515.6        4.61 


Innes  402.     C.P.D.  —  44'  6770 

R.A.  14"  18""  10';  Decl.  —44°  48'. 8 
(4.9) 
1913.294.     Appears  round  with  power  670 

Innes  958.     C.P.D.  —24=   5466 

R.A.  15"  4""   30';   Decl.  —24°   9'. 8 
(9.5     ■    ■    ■     9-8) 
1913.277        100.2        0.74        13.2        670 


Sh  228.     C.P.D.  —23°  6369 

R.A.  16"  18'"  5';  Decl.  —23°  9'. 4 

(4-5     •    •    •     6-0) 

1913.277        171. 2        3.60        13.8        670 

Antares. 

R..\.  le""  21"  45';  Decl.  — 26°  9'. I 

(i.o     .   .   .     8.0) 

1913.439       270.6       3.24        15.3        300 


R.A.  16"  46"'  27' 

(8.0    . 

1913.258       227.4 

.294       230.4 

.441        231.8 

.709       231.3 


Decl.  —45°  7'. 6 

.     n-S) 
2.16        13-9 
2.43        13-4 
1.98        14.0 
20.3 


300 
300 
300 
300 


1913.42 


230.2        2.19 


W.  O.  131.     C.P.D.  —56°  7940 
R.A.  16"  50""  42';  Decl.  —56°  21'. 6 
(7.0     .    .    .     9-0) 
1914.695        128.2        2.06        21.2        450 
.698        130.0        2.26        20.2        360 


1914.70 


129. I        2.16 


Inncs   102.     C.P.D.  — 44"  8242 
R..^.  16"  58""  20';  Decl.  — 44°  16'. 2 
(7.5     .   .   .     10. o) 
1913-709        138. I        4-93        20.7        300 

Arequipa.     C.P.D.  —44=  8358 
R..A.  17"  10"'  2i';  Decl.  —44°  S'-2 
(8.0     .    .    .     8.0) 
1913.441  10.7        0.54        14.3        670 

X  328.     C.P.D.  — 50°   10093 

R..\.  17"  I/""  31';  Decl.  —50°  32'.! 
(11. o     .    .    .     12.0) 
1914.698        275.9        4.30        20.7        360 

Innes  40.     C.P.D.  —45°  8654 
R.A.  17*  22"  33';  Decl.  —45°  56'. 2 
(6.0     .    .    .     10. o) 
1913-709        209.9      18.03        21.5        300 

Inncs  603.     C.P.D.  —45=  8680 
R.A.  17"  24'"  43';  Decl.  —45°  32'. o 
(8.S     .    .    .     10. o) 
1913.709  83.7        1.59        21.7        300 

Pollock  4.     C.P.D.  —53'  8731 
R.A.  17"  31'"  22';  Decl.  — 53°  24'. 0 
(8.0     .   .    .     10.5) 
1914.698        296.1       11.00        21.4        360 

Hargrave  124.     C.P.D.  —52-   10777 
R.A.  17'  32'"  2';  Decl.  —52°  43'. 6 
(9.0     .   .   .     10. o) 
1914.698        125.5        5.  II        21.2       360 

h  4978.     C.P.D.  —  53°  8799 

R.A.  17*  40"  iS";  Decl.  —53°  34'- 1 

(6.5     .    .    .     10. 5) 

1914.698        268.0      12.40        21.7        360 
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h  49S4.     C.P.D.  —  52°   10900 
R.A.  i;""  42™  40';  Decl.  — 52°  26'. 5 
(8.0     .   .   .     10.5) 
1914.698  9.5      12.47       21.8       360 

h  499^.     C.P.D.  —52'   10927 
R.A.  17"  47'"  16';  Decl.  —52°  10'. 8 
(90     .   .   .     g.5) 
1914.69S       210.2      14.09       22.0        360 

h  5014.     C.P.D.  —43°  8434 
R.A.  17'  57"'  47';  Decl.  —43"  25'. 6 
(6.0     .   .   .    6.2) 
1913.441  57.8       0.96        14.7        670 

•710         55.2        1.27        22.5        300 


1913-58  56.5        i.ii 

Cordoba  51.     C.P.D.  —42'  8379 
R.A.  18"  14'"  21';  Decl.  —42°  50'.  I 
(8.6     .   .   .    9.0) 
1913-441        136-5        3-45        15-0        300 
.710        135.8       3.36       22.;        300 


1913-^ 


136.2        3.41 


Innes  250.     C.P.D.  — -42^  8453 
R.A.  18"  32'"  20';  Decl.  —42°  16'. 6 
(7-5     -   .   -     8.5) 
1913-439        130.0       0.73        16.5        670 
•441        130.3        0.69        15.3        670 
.710        129. 1        1. 12        23.3        300 


1913-53 


129.8       0.8s 


Pollock  7  =  A366.     C.P.D.  —42''  8570 
R.A.  18"  53""  49';  Decl.  —42°  26'. 4 
(9-0     .    .    .     9.2) 
1913.710        182.6        2.30        23. s        300 
.792        182. 5        2.38        23.0        300 


1013- 


182.6 


-34 


A  365.     C.P.D.  —42°  8577 
R.A.  18"  54'"  29';  Decl.  —42°  48'. 7 
(9-2    .   .   .     9-5) 
1913.710         79.2       4.44       23.6       300 
.792         -/T.-;       4-36       23.1        300 


1913-75 


78-5        4-40 


Dunlop  225.     C.P.D.  — 52'    1 1383    • 
R.A.  19*  2"  36';  Decl.  —52°  o'.4 
(A  =  7.6,  B  =  8.2,  C=io.8) 
AB 
1914.698         71.9      70.52       22.1        360 

AC 
1914.698         79.7      29.66       22.2       360 


Innes  643.     C.P.D.  —56^  9135 

R.A.   19''  6'"  31';   Decl.  — 56°  9'.o 
(90     .    .    .     9.3) 
1914.695  47.4        I. 19        21.5        360 

h   5104.      C.P.D.  — -51'    10202-3 

R.A.  19"  ii"  15';  Decl.  —51°  16'. 8 
(9.0     .    .    .     9.0) 
1914.698  38.9      18.46        22.5        360 

Innes  649.     C.P.D.  — 51°   11230 

R.A.  19"  15""  25";  Decl.  —51°  40'. I 
(9.0     .    .    .     10. o) 
1914.698        274.9        2.06        22.7        360 

Innes  120  and  h  5141.  C.P.D.  — 62°  6ic 

R.A.   19"  38""  o";   Decl.  —62°   7'.o 
(A  =  7.5,  B  =  7.5,  C  =  io.4) 
AB 
1914.849        135-5        0.40  0.5        450 

.852        132. 5        0.45  0.0        450 


1914S5 


134.0  0.42 

A  B  and  C 

1914.849        342.6  19.69          0.6        360 

.852        342.1  19.44        23.8        360 


1914-85 


342.4      19-57 


h  5140.     C.P.D.  —65'  3825 

^..K.  19"  38"  2';  Decl.  —65°  12'. 9 
(8.2     .    .    .     8.4) 
1914.849  85.6        1.89        23.9        450 

.852  84.3        1.99        23.7        360 


1914.85 


85-0        1.514 


Innes   122.     C.P.D.  — 42'  8921 

R.A.  19"  42"  i';  Decl.  —42°  10'. 2 
(8.0     .    .    .     II. o) 
1913-710        338.0        S.98  0.3        300 

.792        337-5        5-37  o.i        300 


1913-75  337-8        5.67 

h  5163.     C.P.D.  —63°  4561 

R.A.  19"  53"'  57';  Decl.  —^z"  24'. 4 
(7.6     .    .    .     8.0) 
1914.852        252.5        1.72  0.4        360 

.871        250.1         1.5s  0.3        360 

.S73        251.9        1-67  0.3        360 


1914.86 


251-5 


1-65 
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h  5167.     CRD.  —63°  4566 

R.A.  20'  o"  37";  Decl.  — 63°  58'. 9 

(;.2    .   .    .    9.0) 

1914.&49         34.0        7.34         1.4       360 

■  S=2         35. 2        7.24         0.8       360 

•871         35.4       7-23         0.2        360 

•873         3S-8       7- IS         0.1        360 


1914.86 


35-1 


h  5 1 71.     C.P.D.  —64°  4035 

R.A.  20"  3"°  12';  Decl.  —64°  48'. 0 
(A  =  6.8,  B  =  9.8,  C  =  g.s) 
AB 
1914.871        305.4      17.65         0.6 

AC 
1914-871        335-6      30.07  0.5 

Innes  411.     C.P.D.  — 62°  6150 


R.A.  20''  5""  13';  Decl.  ^62°  32'. 4 
(8.4     .    .    .     9-0 
1914.849        290.6        0.75  1.2        360 

.852        283.2        I. 13  0.9        360 


360 
360 


1914.8s 


286.8        0.94 


h  5185.     C.P.D.  —59"  7604 

R..^.  20''  10"  23';  Decl.  — 59°  7'.o 
(7.8     .    .    .     II. o) 
1914.841  61.3      18.89  0.9        ,360 

,844  60.7      18.70        23.3        360 

.847  60.7      18.77  0.2        360 

1914.84  60.9      18.79 

j8  763.     C.P.D.  —42°  9065 


R.A.  20" 

1 3"  S9' 
(6.0     . 

Decl.  - 
.    .     7.0 

42°  26' 

-5 

1912.70S 

228.0 

670 

1913-439 

227.4 

1.05 

17.2 

300 

.710 

226.7 

i.oS 

0.7 

300 

.792 

227-S 

0.88 

0.3 

400 

.819 

224.7 

0.98 

23-9 

400 

h  5204.     C.P.D.  —45'  9966 
R.A.  20"  23"  30';  Decl.  —45°  46'. 3 


(7.8     . 

-     8.5) 

I9I2.70S 

35-2 

6.03 

300 

1913-439 

34- S 

6.45 

17-3 

300 

.710 

34-2 

6.45 

I.I 

300 

Innes  41.     C.P.D.  —45°  9989 
R.A.  20"  27"'  51";  Decl.  —45°  59'. 3 
(7-0    .   .   .     8.0) 
1913-439        357-8        1.76        17.5        670 
.710        360.0        1.77  I.I        300 

-792        357.0        1.66  0.7        300 

■819        359-6        1. 91  0.5        400 


1913-69  358.6        1.77 

Russell  323.     C.I'.D.  — 63"  4604 
R.A.  20"  30""  ^2';  Decl.  —  63°  8'.o 
(8.8     .   .   .     10.5) 
1914.912        315.3        3.02         0.8       360 

Rumker  26.     C.P.D.  —62^  6180 
R..\.  20''  41"'  II';  Decl.  — 62°  53'. 5 
(6.0     .    .    .     6.5) 
1914.852  93.0        2.58  1.5        450 

•873  93-7        2.81  1.2        360 

.912  93.3        2.78  0.9        360 


1914-S8 


93-3 


Innes   18.     C.P.D.  — 52''    11793 
R.A.  20"  46"'  3';  Decl.  —52°  35'. i 
(6.8     .    .    .     10.5) 
1914.646  2.7        4.38        1S.2        475 

-649  2.7        4.05        18.3        360 

.858  0.3        4.27  1.5        360 


i9t4-73 


1-9 


4-23 


Innes  129.     C.P.D.  — 59°  7652 

R..\.  20*  46°"  34';  Decl.  — 59°  44'. 6 
(8.5     .   .   .     lo.o) 
1914.841  7.9       2.02  1.8       360 

-844  7-3        1-84  0.3        450 


1914.84 


7-6 


1-93 


h   5302.     C.P.D.  —53^    10200 
R.A.  21"  48'"  6';  Decl.  -53°  38'. 3 
(8.7     -    -    -     10.5) 
1914-618        351.5       12.57        18.9        360 

h  5309.     C.P.D.  —51°   1 1755 
R.A.  21"  48'"  58';  Decl.  —51°  39'. 6 
(9-5     -    ■    -     9-8) 
1914.618        348.1        9.13        19.2        360 
.640        348.0        9.06        19. 1        360 


1914.63 


348.1        9.10 


1913.28 


35-0        6.31 


Innes  6(59.     C.P.D.  — -52°   11799 
R.A.  20''  50"  38';  Decl.  — 52°  39'. o 
(8.5     .   -   -    8.5) 
1914.646         72.8       0.71        18.3       450 


1 78 
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Innes   130.     C.P.D.  — 48'   10519 
R.A.  20"  55"  31';  Decl.  —48°  27'. 2 
(7.0     .    .    .     II. 5) 
1913-819        316.3        3  38  I 

■833        317-4        3-19  0 


400 
400 


1913-83 


316.9        3.28 


h  5250.     C.P.D.  — 64^  41 10 

R..\.  21''  5'"  5';   Decl.  —64°   12'. I 
(8.0     .    .    .     10. 0) 
1914.912        305.3        9.65  1.3        360 

Russell  329.     C.P.D.  — 60°  7461 

R..\.  21''  9""  19';  Decl.  — 60°  44'. o 
(9.5     .   .   .     10. o) 
1914.844       298.7      21.48  I.I        360 

h  5256.     C.P.D.  —60'  7464-5 

R..-\..  21"  lo"  22';  Decl.  — 60°  49'. I 
(8.8     .    .    .     8.9) 
1914.844        152. I      27.13  1.3        360 

Innes  126.     C.P.D.  — 57°  9665 
R..'^.  21"  13"'  18';  Decl.  — 57°  30'. 2 
(9-5     -    •    .     9.8) 
1913.828  78.3        1.69  I.I        4CX) 

.836  80.4        1.88  0.1        400 


1913-83 


"9-4 


1-79 


Innes  132.     C.P.D.  —52'   11862 

R..\.  21''  14'"  20';  Decl.  ^52°  28'. 2 
(7.5     •    ■    ■     lo-o) 
1914.585        292.2        I. 51         18.5        360 
.646        291.0        1.46        18.4        475 


1914.62 


291.6        1.48 


Russell  332.     Not  in  C.P.D. 

R.A.  21'  20'"  25'± ;  Decl.  —  60°  48'± 

(10.5  .  .  .  II. 5) 
1914.844   333.9   14.01    1.8   360 
■847   33i-7      13-57    0.7   360 


1914.85    333-8   13-79 

h  5270.     C.P.D.  —60'  7481 

R.A.  21'  20""  56';  Decl.  — 60°  45'. o 
(7.8     .    .    .     II. 2) 
1914-844  54-9      27.42  1.7        360 

•847  54-4      27.32  0.5        360 


h  5286.     C.P.D.  —  58^  7886 

R..\.  21'  34"'  29';  Decl.  — 58°  27'. 9 
(8.4     .    .    .     10. o) 
1914.847  87.8        8.21  1.2        360 

Arequipa.     C.P.D.  — 62"  6277 

R.A.  21"  45""  57';  Decl.  —62°  28'. 2 
(6.9) 
1914.920.  E-xamined  this  star  under  favorable  con- 
ditions with  powers  360,  450,  and  670.  It  appears  per- 
fectly round  with  all  powers.  .Also  examined  the 
neigliboring  stars  of  magnitudes  7.3  and  7.4.  They  also 
appeared  single. 

Innes  381.     C.P.D.  — 57^    10027 

R..\.  21"  57"  28';  Decl.  —57°  4'. 6 
(8.5     .    .    .     10. o) 
1913.831         109.4        1.67  2.9        400 

h  5316.     C.P.D.  -59'  7765 

R.A.  21''  58"'  18';  Decl.  —59°  44'. i 
(8.6     .   .    .     9.0) 
1914.838        140.0        3.89  2.5        360 

.841        139.2        3.73  2.7        360 

.847        140.8        3.86  1.7        360 


1914.84  140.0        3.83 

h  5317.     C.P.D.  —59^  777^ 

R.A.  22"  3"'  6^  Decl.  —59°  26'. 6 

(8.8     .  .   .     9.3) 

1914.841          99.3  14.59          2.8        360 

.847        100.6  14.45          1.9        360 


1914.84 


100. o      14.52 


Innes  20.  C.P.D.  — 63°  4769 
R..\.  22''  9'"  10';  Decl.  — 63°  25'. 9 


(7.2 


8.0) 


1914.852 

329.2 

0.42 

2.5 

450 

.873 

330.2 

0.53 

2.7 

450 

.920 

324.9 

0.31 

2.7 

670 

h  5323.  C.P.D.  —61-  6640 

R.A.  22"  10"  51';  Decl.  —61°  25'.! 
(8.5     .    .    .     8.7) 
1914.841        204.0      26.44  3.0        360 

.847        204.6      26.50  2.4        360 


1914.85 


54-7      27.37 


1914-84 


204.3       26.47 
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h  5327.     C.P.D.  —65°  4027  Diinlop  246.     C.P.D.  —51'  11908 

R.A.  22"  14'"  4';  Dccl.  —65°  46'. 8  R.A.  23"  o"  i";  Decl.  —51°  21'. 6 

(OS     •    ■    ■     10.5)  (6.S     .    .   .     7-5) 

1914.012        12S.8      25.71  2.4        360  1914.618        258,1        8.68        20.2        360 

.858        257.8        8.36  3-1        360 

Inncs  3S3.     C.P.D.  —58^  7954  19,4. 74         258.0       8.52 

R.A.  22"  16"' 37';  Decl. —58°  25'.  I  ,^      ,  ^.„.      o       r-.  T.  r^  ^         ^ 

(6.0'..    12.0)  Dunlop  245^GiIlis282.    C.IMX  —  60    7635 

1914-847        237.1      8r.i5  2.7        360  RA.  23"  I'"  2";   Decl.  —60°  24'. 5 

(7-3     .    ■   .     9-5) 
I     r,  nr.T~.  ^   o  1914.841        291.3      13.99  3.5        360 

h  5334.     C.P.D.  —65°  4044 

R.A.  22^  18-  25';  Decl.  -65°  36'. o  •'  5392  =  Russell  343.     C.P.D.  —  58'  8064 

(so     .    .    .     9.0)  R.A.  23"  11™  i6';  Decl. —58°  59'. o 

1914-852        282.4        7-10  3.0        360  (7.8     .    .    .     9.0) 

.873        282.3        724  2.9        360  1914.841        327.8      24.18  3.9        360 

The  angle   given   by  Herschel   is   17°   and   that  of 
7  Russell  338°,  from  which  it  appears  that  there  is  a  com- 

paratively rapid  change  in  angle,  probably  due  to  proper 

h  5338.     C.P.D.  -  52'   12028  "'*"'""■ 

R..A..  22*  20'"  39';  Decl.  —  52°  25'.4  Dunlop248.     C.P.D.   ^ — 50"    I1799 

^o  '■"'o     "  '    '     '^°^                                                         R.A.  23"  13'"  48";  Dccl. —50°  59'. 3 

1914-618  182.5  30.58  19. 5  .360                                                  (60                 -  o) 

.640  182.6  30.13  19.5  360  ,g,^6,8        2,i._;'i6.~        20.8        360 

.649  182.0  30.47  19.3  360 


1914-86  282.4 


1914.64         182.4     30.39  Dimlop25o.     C.P.D.  -50"  11819 

R.-'K.  23"  20'"  13';  Decl.  —50°  58'.! 

115348.     C.P.D.  -59-  7821  ,9,4.6:8        '^9   '39.33'    21.2      360 

'""'(;.?' .°n.7>""''"  •  1.  54.5.    CP.a  -6,=  6,-6, 

1914-841         274.3        4.33  3-3        360  R  A.  23-43'"  38';  Decl.  —61°  47'. 9 

(10. 0      .     .     .       II. o) 

h  5349.     C.P.D.  -53=   10326  ''''-^^       '"'■'      ''■''        '■'       ''° 

R.A.  22"  31"  24';  Decl. —53°  20'. 4  Sellors   14.     C.P.D.  —52=    12220 

^        ^^-5     ■■•     "-5)  R.A.  23- 43'"  58';  Decl. -52°  23'. 8 

1914.635        117. 3      34.18        19.9        360  (80  8  -) 

.646        118. 5      33-44        19-3        360  1914-646        '26.8  '    '1.03"      21.2        670 

.687        118. 5      34.74        20.1        360 


1914-66         118. 1     34-12  Cordoba  69.     C.P.D.  -48°  11009 

R.A.  23"  57""  3f;  Decl.  —48°  49'. 4 
h   5354.      C.P.D.   -58-    7981  ,„3.,„     %,,   ■    -3.!^^  ,,.^        3„, 

R.A.  22"  32'"  29^  Decl. —58°  29'. 4  -819  65.9        3.3^         4.3        400 

(8.8     .    .    .     9.0)  ■        ■ 

1914-841  75-6      21.46  3-2        360  "^'•'■^'  ^-9        3-42 

Arequipa.     C.P.D.  — 49-    ii8s8 
Cordoba  64.     C.P.D.  —46°   10486  4^30 

R.A.  23"  59"  51';  Decl.  —49"  46'. 3 
R.A.  22''56'"  49';  Decl.  —  46°  5o'.4  (5.8     .    .    .     10.5) 

(8.0     .    .    .     9.0)  1914.767        174.6        5.49        22.2        360 

1913.833        108.9        3-63  1.5        300  363— 1S4 


OBSERVATIONS  OF  COMETS  AND  MINOR  PLANETS 


The  observations  given  below  of  comets  and 
minor  planets  having  Ann  Arbor  mean  time  were 
made  with  the  i2'4-inch  refractor  of  the  Ob- 
servatoiy  of  the  University  of  ]\Iichigan,  and 
those  having  La  Plata  mean  times  were  made 
with  the  17-inch  refractor  of  the  Observatory  of 
the  National  University  of  La  Plata. 

The  filar  micrometer  used  at  Ann  Arbor  was 
made  in  1907  by  The  Warner  &  Swasey  Com- 
pany for  the  1214-inch  refractor.  It  is  described 
in  these  Publications,  Vol.  I,  page  13.  The  filar 
micrometer  used  at  La  Plata  was  made  by  P. 
Gautier,  of  Paris,  for  the  8.4-inch  refractor  of 
the  La  Plata  Observatory,  and  remodeled  in  the 
Instrument  Shop  of  that  Observatory  for  tem- 


porary use  on  the  17-inch  refractor.  It  is  de- 
scribed in  the  first  volume  of  the  Publications  of 
the  La  Plata  Observatory. 

Whenever  the  comparison  stars  were  near 
enough  the  obsen'ations  were  made  by  direct 
micrometer  measurements.  Only  a  few  of  the 
observations  were  made  by  the  method  of  trans- 
its. 

A  few  of  the  observations  made  at  Ann  Arbor 
were  reduced  by  I\Ir.  Frank  D.  Urie,  now  of  the 
Elgin  Observatory,  while  he  was  an  Assistant 
in  the  Observatory  of  the  University  of  Michi- 
gan. All  of  the  observations  made  at  La  Plata 
were  reduced  by  Mr.  B.  H.  Dawson,  Astronomer 
in  the  Observators-  of  La  Plata. 


OBSERVATIONS  OF  COMET  DANIEL,  1909  a. 
M.^DE  AT  Ann  Arbor  with  the  i2;4-Inch     Refractor. 

BY   W.  J.   HUSSEY 


1909  ANN   ARBOR   M.  T. 

* 

COMP. 

Aa 

AS 

APP.  a 

APP.  5 

LOG/' A 
FOR   a                FOR   3 

Itine     17 

18 
19 
20 

July      16 

23 

I3'2i'"    1' 
13  34      7 

13  35    37 

14  7    12 
13  46   40 
13  52    52 

I 
2 

3 

4 
5 
6 

15.10 
12,     8 

8.   8 
8,   8 
10.   8 
8,   8 

—  2'"I9?S2 

—  I    20.03 
+  0   24.83 

—  0  36.46 

—  0     9-55 

—  0   48.89 

+  0'    S4'.'o 
—  6    31.4 
+  0     18.2 
+  5    49-2 
+  3     17.7 
+  6    24.8 

iMs"  24570 

I   48    17.67 
I   51     14.51 
I  54    19.45 

3  37   47.06 

4  12    30.74 

+  3i°46'29'.'5 
+  33  II  16.5 
+  34  33  27.0 
+  35  55  36.1 
+  60    3  39.6 
+  63  43     7.2 

9.7038n 
9.712611 
9.720in 
9.729611 
9.940011 
9.99i2n 

0.7494 
0.7302 
0.7194 
0.665s 
0.5127 
0.4724 

BY  Geo.  .a..  Lindsay. 


July 


14"  14"  5' 
14  21    44 


8,   8 


■0'"   5'o6 
-  o   42 . 07 


+  4'     7"  3 
+  6    54-5 


3''37"'42?oo 
4  12   37-56 


+  60°  7'46"9 
+  63  43  36.9 


9.919411 
9. 9905" 


0.4944 
0.35.32 


MEAN  PLACES  FOR  1909.0  OF  COMPARISON  STARS. 


* 

a 

RED.  TO 
APP.  PL. 

5 

RED.  TO 
APP.  PL. 

AUTHORITY 

I 

i''47'"44?66 

—  o?44 

+  3i°45'42"3 

—  6'.'8 

Leiden  A.  G.  Catalogue  698 

2 

I  49    38.13 

—  0.43 

+  33  17  54.7 

—  6.8 

Leiden  A.  G.  Catalogue  707 

3 

I  50    30.08 

—  0.40 

+  .34  33  15.9 

—  7.1 

Leiden  A.  G.  Cataolgue  718 

4 

I  54    .56.31 

—  0.40 

+  35  49  54.1 

—  7.2 

Lund  A.  G.  Catalogue  921 

5 

3  37    47.61 

—  0.55 

-f  60    3  48.0 

-8.4 

Helsingfors-Gotha  A.  G.  Catalogue  3168 

6 

4  13    20.12 

—  0.49 

+  63  36  50.9 

-8.5 

Helsingfors-Gotha  A.  G.  Catalogue  3477 

PUBLICATIONS  OF  THE  OBSERVATORY 


OBSERV.XTIONS  OF  COMET  DELAVAX,  1913/ 
M.xDE  WITH  THE  17-Inxh  Ri;i-r.\ctor  oi"  La  Plata  Observatory. 
BY  W.  J.  HussEY. 


■913 

LA    I'LATA    .M.    T. 

* 

CO  MP. 

Aa 

M 

API',  a 

APP.  S 

vocpA 

FOR  a            FOR  8 

Dec 

17 

io'-34'"5l' 

I 

8.  8 

+  0°'  7?8s 

—  i'  27'.'o 

3"  3""  19?  10 

—  7°25'24"2 

9.1987 

0.61  ion 

10    7    57 

3 

8,  8 

—  0     7.50 

+  0      2.9 

3    2   26.30 

—  7  19  512 

9-0528 

0.609611 

20 

9  38     8 

4 

8.  10 

+  0   17.46 

+  2    58.3 

3    0   42.39 

-7    8  15.7 

8.8494 

o.6i07n 

21 

8  55    14 

6 

8.  8 

—  0   17.63 

-+  0    53-6 

2  59   52.47 

—  7    2  25.7 

S.ooi7n 

o.6iiin 

23 

847   28 

7 

8,  8 

—  0   12.37 

—  2    51.8 

2   59       2.01 

—  6  56  13.8 

8.214211 

0.612611 

23 

838   35 

8 

8,  8 

+  0   17.63 

—  0      9-3 

2   58     12.57 

—  6  49  50.1 

8.400711 

0.614211 

26 

8  58   38 

9 

8,  8 

+  0     4.51 

—  I     30.4 

2  55   48.09 

—  6  29  58.3 

8.6-59 

0.619211 

30 

10  3i   42 

II 

8,  8 

+  0   19.72 

—  0     14.4 

2   52    46.37 

—  6    I    9.2 

9-4343 

o.6388n 

ME.\N  PL.^CES  FOR  1913.0  OF  COMPARISON  STARS. 


RED.  TO 

RED.  TO 

a 

APP.  PL. 

S 

APP.  PL. 

AUTHORITY 

I 

3"  3"'   7?  14 

+  45II 

—  7°2a:  i6"5 

+  I9.'3 

Connected  with  *  2. 

2 

3     6   21.48 

+  4 

12 

—  7  23  31.3 

+  19.2 

\  lenna-Ottakring  .A.  G.  Catalogue  728 

3 

3     2   29.69 

+  4 

II 

—  7  21  13.3 

+  19.2 

Connected  with  *  2. 

4 

3     0   20.84 

+  4 

09 

—  7  II  33-1 

+  19- 1 

Connected  with  *  s. 

5 

3     0      5.94 

+  4 

oq 

—  7  12    2.3 

+  I9-I 

\  lenna-Ottakring  A.  G.  Catalogue  696 

6 

3    0     6.01 

+  4 

oq 

—  7    3  38.2 

+  18.9 

Connected  with  *  s. 

7 

2  ^9    10.30 

+  4 

08 

—  6  53  40.8 

+  I8.8 

Connected  with  *  8. 

8 

2  57    50.86 

+  4 

08 

—  6  49  59.5 

+  18.8 

\  lenna-Ottaknng  A.  G.  Catalogue  685 

9 

2  55   39-53 

+  4 

OS 

—  6  28  465 

+  18.6 

Connected  with  *  10. 

10 

2  55    53-22 

+  4 

OS 

—  6  25  26.1 

+  18.6 

\  lenna-Ottakring  A.  G.  Catalogue  677 

II 

2  52   22.63 

+  4 

02 

—  6     I   13.4 

+  18.6 

\  lenna-Ottakring  A.  G.  Catalogue  664. 

OBSERVATIOXS  OF  COMET  ZLATIXSKV,  1914  b. 

Made  .\t  .\xx  Arbor  with  the  I254-I^'ch  Refractor. 

BV  \\".  J.  HussEY 


I9I4  ANN 

arbor  M.  I. 

* 

COMP. 

la 

IS 

.\PP.  a 

APP.  5 

LOG/'A 
FOR  a             EOR  5 

May    25 
26 
26 
28 
30 

9'' 35"  33' 
853     4 
9  19   37 
9  29     6 
9  iS    19 

I 
2 
3 
4 

5 

8,   8 
8,   8 
8.   8 
8,   8 

8,   8 

-t-O""    2?II 

+  0     8.58 
—  0  28.24 

+  2    21.26 

+  0     8.31 

+  3'    i6"2 
+  6    43-1 
+  5    48.4 
+  5    36.3 
—  3    30.1 

6''43"°43?39 
6  59   35-79 

6  59   52.96 

7  27   41-21 
-  49   28.18 

+  36°47'38r4 
+  34     I  25.3 
-ir33  58  20.4 
+  28  II     4.9 
+  22  44  14.0 

9.7180 
9.7197 

9.7ii;5 
9.6904 

9-6,-3.> 

0.7620 
0.6952 
0.7305 
0.7420 
0.-350 

MEAN  PLACES  FOR  19140  OF  COMPARISON  STARS 


RED.  TO 

s 

RED.  TO 

AUTHORITY 

I 

6''43"40?59 

+  o?69 

+  36°44'ii"9 

+  10.3 

Lund  .\.  G.  Catalogue  3528 

2 

6  59   26.45 

+  0.76 

+  33  54  32.7 

+    9.5 

Leiden  .\.  G.  Catalogue  2956 

3 

7    0   20.44 

+0.76 

+  33  52  22.6 

+    9.4 

Leiden  A.  G.  Catalogue  2963 

4 

7  25    19.10 

+  0.85 

+  28    5  21.0 

+   7-6 

Cambridge  A.  G.  Catalogue  3997 

5 

7  49    18.95 

+  0.92 

^22  47  38.5 

+    5.7 

Berlin  A.  G.  Catalogue  3167 

I82 


UNI\'ERSITY  OF  MICHIGAN 


OBSERVATIONS  OF  THE  MINOR  PLANET  FLORA  (8), 
M.-iDE  AT  Ann  Arbor  with  the  I2yl-ly:cn  Refr.\ctor. 

BY   W.  J.   HUSSEY 


1909  .\XX   .\RBOR   M.  T. 

* 

CO  MP. 

Ao 

AS 

APP.  a 

APP.  5 

LOG /'A 
FOR   a                FOR   S 

Nov.       3 
II 

23 

27 

9'58'°S2' 
9  44   54 
9  50      I 
8  16    10 

I 
3 
4 

8.   8 
8.   8 
6.    7 
8.    8 

—  o"30?52 

—  0    13.43 

—  I    54.00 

^0   ^4.94 

—  9'    I0'.'4 

—  0     14.9 

+  6    23.1 

—  2      6.8 

3''52'°3i?87 
3  44    53.96 
3  32    21.98 

3  28   28.51 

+  9°I2'SI''9 
+  8  59  53.9 
+  8  57  30.2 

+  9    2    6.5 

9.49851 

9.446on 
9.2379n 
9.4672n 

0.7055 
0.6758 
0.6893 
0.7034 

BY  Frank  D.  Urie. 


Nov. 

3 

10"  23"  32' 

I 

8,   8 

—  0™3i?45 

—  9'     9 

'0 

3''52"'30?94 

+  9°I2'52''3 

9-4473n 

0.6089 

8 

II  33      I 

2 

8.   8 

—  I    31.05 

+  4     50 

8 

3  47   49.95 

+  9    3  49-2 

9.12931 

0.6843 

II 

10  15   42 

3 

8,   6 

—  0    14.79 

—  0     16 

9 

3  44   52.60 

+  8  59  51-9 

9.36351 

0.6944 

13 

10  14   43 

3 

12,   8 

—  2    18.24 

—  2     16 

9 

3  42   49.16 

+  8  57  51-9 

9.36671 

0.6947 

27 

8  28   26 

D 

8,   8 

+  0   44-54 

—  2      3 

I 

3  28   28.11 

+  9    2  10.2 

9.43951 

0.7001 

29 

8  26   31 

; 

10.   8 

—  I     8.20 

+  1     26 

7 

3  26    35-38 

+  9    5  39-9 

9-39351 

0.6958 

30 

9  20  42 

5 

8,   8 

—  -'     4.31 

+  3     35-1 

3  25    39.28 

+  9    748.3 

9-21551 

0.6865 

MEAN  PLACES  FOR  1909.0  OF  COMPARISON  STARS. 


* 

a 

RED.  TO 
APP.  PL. 

5 

RED.  TO 
APP.  PL. 

AUTHORITY 

I 

2 

3 

4 

5 

3''52"59?48 
3  49    18.04 
3  45      4-.39 
3  34    12-87 
3  27   40.42 

Reducti( 
Reducti 
Reducti 

+  2591 
+  2.96 
+  3-00 
+  3-II 
+  3.15 

3n  to  app.  pi 
3n  to  app.  pi. 
on  to  app.  pi 

+  9°2i'  48'.'3 
+  8  58  44.8 
+  859  55-3 
+  8  50  53.0 
+  9    3  59-5 

of  *3  for  Nov 
of  *  5  for  Nov 
of  *  5  for  Nov 

+  U'-'o 

+  13-6 
+  13-5 
+  14- I 
+  13.8 

13  is  +  3'.Ol 

29  is +  3. 16 

30  is  +  3.17 

Leipzig  II 
Leipzig  II 
Leipzig  II 
Leipzig  II 
Leipzig  11 

.  +  13  "-5 
,+  13.7 
,  +  13.7 

A.  G.  Catalogue  1457 
A.  G.  Catalogue  1436 
A.  G.  Catalogue  1409 
A.  G.  Catalogue  1338 
A.  G.  Catalogue  1299 

OBSERVATIONS  OF  COMET  DELAVAN,  1913  /. 

Made  at  Ann  Arbor  with  the  I2;4-Inch  Refractor. 

BY  Bernhard  H.  Dawsox 


I914  ANN  ARBOR  M.  T. 

* 

COM?. 

Aa 

A3 

APP.  a 

APP.    S 

LOG  /'A 
FOR   a          FOR  8 

Oct.      21 

26 

Nov.       1 

6' 52""  43' 
6  36   12 
6  22   32 

I 
3 

10,    8 
10.  10 
8,    8 

+  l"'2I?II 

—  0  38.09 

—  0    17.24 

—  I'     25'.'l 

+  6    15.7 

—  4    37-1 

13  51    55^73 

14  12     8.66 
14  33   30.99 

+  3o°i8'36''2 
+  26  26  44  9 
+  21  54  56.5 

9.687 
9.679 
9.667 

0.773 
0.764 
0.763 

MEAN  PLACES  OF  COMPARISON  STARS. 


* 

a   1914.0 

RED.  TO 
APP.    PL. 

8  1914.0 

RED.   TO 
APP.   PL. 

AUTHORITY 

I 

2 

3 

i3''5o'"33?28 
14  12  45  38 
14  33   46.81 

+  1534 
+  1.37 

+  1.42 

+  3o''2o'i5'.'9 
+  26  20  44 . 0 

+  21  50  34- 1 

-  I4.'6 
-14.8 

—  14-7 

A.  G.  Leiden  5040 

A.  G.  Cambridge  E.  6774 

A.  G.  Berlin  B.  51 19 

PUBLICATIONS  OF  THE  OBSERVATORY 
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OBSERVATIONS  OF  COMET  WESTPHAL-DELAVAN,  igiarf. 

Made  with  the  i7-Inch  Refractor  of  La  Plata  Observatory. 

by  w.  j.  hussey 


IOI3     LA 

■LATA    .\I.    T. 

* 

COM  p. 

J 

„ 

AS 

app.  0 

app.  5 

LOC/iA 

FOR  a            I-OR  5 

Sept.     26 

10''  29" 

7" 

I 

8, 

8 

—  0'" 

I3?I7 

—  0' 

is"6 

2i"54" 

i8?36 

—   2°34'27'.'4 

9.0654 

0.670911 

27 

8  1-. 

26 

3 

8, 

8 

—  0 

4.00 

—  0 

49.2 

21    51 

20.61 

—    I  48  17.5 

9.168211 

o.68o2n 

.'8 

II  25 

.3« 

5 

8, 

8 

—  0 

10.01 

—  I 

.32.8 

21    47 

40.24 

—   0  50  17.9 

9.4042 

0.691711 

30 

9  40 

2--, 

7 

8, 

8 

—  0 

9.05 

—  2 

16.7 

21    41 

34-75 

+   0  49     1-2 

8.8718 

0.708311 

Oct.        1 

10  48 

43 

8 

8, 

8 

—  0 

3-79 

—  0 

S6.S 

21    38 

20.63 

+    I  43    4-4 

9-3518 

o.7i57n 

2 

12  21 

48 

10 

8, 

8 

—  0 

0.14 

—  4 

.S8  8 

21    35 

7.24 

+   2  37  51.5 

9-5852 

0.716211 

3 

8  36 

S2 

12 

8, 

8 

—  0 

1.44 

—  4 

1-3 

21    32 

37.78 

+   3  21  17.4 

8. 190011 

0.734111 

4 

«23 

SI 

15 

8. 

8 

—  0 

0.12 

+  1 

30.3 

21    29 

44.61 

+   4  12    4.2 

8.4543" 

0.742in 

5 

II  24 

48 

17 

8, 

8 

—  0 

19.20 

—  2 

37.4 

21    26 

31-44 

+59  25.4 

9-5242 

0.7369" 

15 

9  12 

20 

18 

8. 

8 

+  0 

8.SI 

+  2 

10.9 

21      2 

22.27 

+  13  10  58.1 

9.3428 

0. 802811 

16 

8    0 

SS 

20 

8, 

8 

+  0 

12.72 

—  I 

16.2 

21      0 

26.96 

+  13  54  16.8 

8.9353 

0.817611 

17 

8     S 

S2 

23 

8, 

9 

+  0 

11.68 

+  0 

54-4 

20   58 

29.08 

+  14  39  29.2 

9.0399 

0.82i4n 

18 

8  19 

21 

24 

8, 

8 

—  0 

16.60 

—  3 

11.9 

20   56 

35-50 

+  15  24  19.0 

9.1781 

0.823311 

18 

8  49 
8  22 

45 
22 

25 
27 

8, 
8. 

25.69 
1. 16 

33-23 
47-03 

9-3276 
9-2291 

19 

8 

+  0 

+  2 

41-5 

20  54 

+  16    8  10.5 

o.826in 

19 

859 

39 

28 

8, 

8 

+  0 

12.28 

+  3 

0.9 

20  54 

43-89 

+ 16    9  16. I 

9-3873 

0.817311 

20 

8  14 

.30 

29 

8. 

8 

+  0 

1.85 

+  0 

59.1 

20  53 

4-05 

+ 16  51    6.2 

9.2187 

0.830611 

24 

8  16 

4S 

31 

8, 

8 

+  0 

8.81 

+  1 

7-9 

20  46 

54-71 

+ 19  37  46.0 

9-3385 

0.839611 

26 

843 

33 

8, 

8 

—  0 

3-22 

+  3 

39-4 

20  44 

14.62 

+  20  s8  19.3 

9.4656 

0.833011 

27 

8  20 

,36 

36 

8, 

8 

—  0 

5. 08 

—  0 

10.7 

20  43 

3.01 

+  21  36  46.7 

9-4150 

0.842411 

28 

8  13 

56 

37 

8, 

9 

—  0 

4.41 

—  0 

27.1 

20  41 

54.50 

+  22  15  19.7 

9-4117 

0.845711 

MEAX  PLACES  FOR  1913 

.0  OF  COMPARISOX  STARS. 

RED.  TO 

RED.  TO 

0 

APP.  PL. 

S 

APP.  PL. 

AUTHORITY 

I 

21^54" 

28507 

+  3?46 

—   2=34'27'.'7 

+  I5"9 

Connected  with  *  2 

2 

21  58 

48.83 

+  3.46 

—  2  34  32.8 

+  16 

2 

Strassburg  A.  G.  Catalogue  7695 

3 

21  51 

21.19 

+  3.42 

—    I  47  44-1 

+  15 

8 

Connected  with  *  4 

4 

21  54 

53-16 

+  3-43 

—    I  47  49.6 

+  16 

0 

Strassburg  A.  G.  Catalogue  7678 

5 

21  47 

46.88 

+  3-37 

—   0  49    0.8 

+  15 

7 

Connected  with  *  6 

6 

21  50 

52.06 

+  3-38 

—   0  S3  53-4 

+  15 

9 

Xicolajew  .\.  G.  Catalogue  5529 

7 

21  41 

40.51 

+  3-29 

+   0  51     2.3 

+  15 

6 

Xicolajew  A.  G.  Catalogue  5509 

8 

21  38 

21.17 

+  3-25 

+    I  43  45-3 

+  15 

6 

Connected  with  *  9 

9 

21  35 

20.23 

+  3-24 

+    I  44  44-4 

+  15 

4 

.■\Ibany  A.  G.  Catalogue  7567 

TO 

21  35 

4.1- 

+  3-21 

+   2  42  34.7 

+  15 

6 

Connected  with  *  1 1 

II 

21  36 

9.29 

+  3-21 

+    2  47  17.5 

+  15 

7 

.'Mbany  A.  G.  Catalogue  7573 

12 

21  32 

36.04 

+3-18 

+   3  25    3.0 

+  15 

7 

Connected  with  *  13 

13 

21  32 

36.06 

+  3-18 

+   3  30  48.6 

+  15 

7 

BD. +  3°4584.    Connected  with  *  14 

14 

21  36 

25.19 

+  3-19 

+    3  30     5-9 

+  16 

0 

Albany  A.G.  Catalogue  7576 

15 

21  29 

41 .  59 

+  3-14 

4-   4  10  18.2 

+  15 

7 

Connected  with  *  16 

16 

21  28 

48.58 

+  3-14 

+    4  10  38.8 

+  15 

7 

.Albany  A.  G.  Catalogue  7535 

17 

21  26 

47.53 

+  3-II 

+    5  II  47-1 

+  15 

8 

.\lbany  A.  G.  Catalogue  7527 

18 

21     2 

11.08 

+  2.68 

+  13     8  30.9 

+  16 

3 

Connected  with  *  19 

19 

21     4 

14.39 

+  2.69 

+  13     4  16.4 

+  16 

4 

Leipzig  A.  G.  Catalogue  8349 

20 

21     0 

II  .60 

+  2.64 

+  13  55  16.6 

+  16 

4 

Connected  with  *  21 

21 

20   ;q 

57.04 

+  2.63 

+  14     I  39.1 

+  16 

4 

Leipzig  .\.  G.  Catalogue  8312 

22 

20  58 

14.80 

+  2.60 

+  14  38  18.3 

+  16 

5 

Connected  with  *  23 

23 

20  56 

48.36 

+  2.59 

+  14  42  54-8 

+  16 

4 

Leipzig  A.  G.  Catalogue  8276 

24 

20    i6 

49-54 

+  2.56 

+  15  27  14-2 

+  16 

5 

Connected  with  *'s  25  and  26 

25 

20   58 

56.34 

+  2.58 

+  15  25    0.4 

+  16 

8 

Berlin  .\.  G.  Catalogue  8562 

26 

20   58 

10.83 

+  2.57 

+  15  25  10.7 

+  16 

8 

Berlin  ,A.  G.  Catalogue  85W 

27 

20  54 

43-35 

+  2.52 

+  16     5   12.2 

+  16 

8 

Berlin  A.  G.  Catalogue  8512 

28 

20  54 

29.09 

+  2.52 

+  16    5  58.4 

+  16 

8 

Berlin  A.  G.  Catalogue  8510 

29 

20  52 

59.71 

+  2.49 

+ 16  49  50.2 

+  16 

9 

Connected  with  *  30 

30 

20   52 

59.56 

+  2.49 

+  16  45  44.5 

+  16 

9 

Berlin  .\.  G.  Catalogue  8493 

31 

20   46 

43.54 

+  2.36 

+  19  36  21.0 

+  17 

I 

Connected  with  *  32 

32 

20  46 

5.14 

+  2.36 

+  19  35  25.0 

+  17 

I 

Berlin  A.  G.  Catalogue  8420 

3i 

20  44 

15.60 

+  2.24 

+  20  54  22.6 

+  17 

3 

Connected  with  *  34 

34 

20   44 

29.49 

+  2.24 

+  20  54  40.4 

+  17 

3 

Berlin  .\.  G.  Catalogue  7940 

35 

20  43 

5.89 

+  2.20 

+  21  36  40.1 

+  17 

3 

Connected  with  *  36 

36 

20  43 

16.55 

+  2.20 

+  21  39  29.0 

+  17 

3 

Berlin  A.  G.  Catalogue  7929 

37 

20  41 

56.81 

+  2.16 

+  22  15  29.4 

+  1- 

4 

Berlin  .\.  G.  Catalogue  7924 

184 


UNIVERSITY  OF  MICHIGAN 


OBSERVATIONS  OF  COMET  MOREHOUSE,  1908  c. 

Made  at  Ann  Arbor  with  the  I2J4-Inch  Refractor. 

BY  W.  J.  HussEY 


1908  ANN    ARBOR   M.  T. 

* 

COM  p. 

Aa 

Ad 

APP.  a 

APP.  5 

LOG /-A 
FOR  a              FOR  S 

Sept.       4 

5 

10"  5"  22' 
9  40    16 

I 
2 

II,    8 
8,   9 

+  3"'5i?i4 
—  0   20.92 

—  l'     29"2 

—  6    27.1 

3''i5"'i6?95 
3  II    20.67 

+  67°S7'  i6''s 
+  68  31  38.0 

0.0629 
0.0747 

0.4109 
0.4765 

MEA-V  PLACES  FOR  1908.0  OF  COxMPARlSON  STARS. 


* 

a 

RED.  TO 
APP.  PL. 

S 

RED.  TO 
APP.  PL. 

AUTHORITY 

I 

2 

3 

3''ll"'22?62 

3  II    38.23 
3  II      1-07 

+  3519 
+  3-36 

+  3-36 

+  67°58'S4''i 
+  6838  13-5 

+  68  49  51 -I 

-8'.'4 
-8.4 

-8.4 

Oliristiania  A.  G.  Catalogue  567 
Connected  with  *3. 

Aa  =  +  o'"37?  16,  A5  =  _  1 1'37'.'6 
Christiania  A.  G.  Catalogite  564 

OBSERVATIONS  OF  THE  MIXOR  PLANET  FORTUNA  (19), 

Made  AT  Ann  Arbor  with  the  I2>:J-Inch  Refractor. 

BY  W.  J.  HussEY. 


1909  ANN   ARBOR   M.  T. 

* 

CO  MP. 

Aa 

A5 

APP.  a 

APP.  S 

LOG /"A 
FOR   a                FOR   5 

July      16 

16 

24 

I2''  7"  9' 
12  53      I 
12  25    15 

I 
3 
7 

8,   8 
8,    8 
8,   8 

—  0"'  4?  17 

—  0   45.40 
+  0    12.22 

+  9'    30'' I 
+  4    28.0 
—  4    48.0 

I9''S9™4I?93 
ig  59   40.38 
19  51    40.56 

— 17°52'  S4''S 

—  17  52  59-3 

—  18  14  28.2 

8.472411 
8.7907 

9-2993 

0.8809 
0.8802 
0.8710 

BY  Geo.  a   Lindsay. 


July  16 
19 
21 
23 


12'' 29""  15' 

I 

8,   8 

12  42     II 

4 

8,   8 

12   40     50 

6 

19,   8 

II  31     8 

6 

20,   8 

— o"  5?i5 
+  0  19.32 
+  0  50 .  02 
—  I      7.64 


+  9'  28'.'9 

—  6  41. 1 

+  5  57. 1 

+  0  36.8 


I9''59'"40?95 
19  56  41.62 
19  54  40.71 
19  52   43.05 


17 

52' 

S'S"? 

18 

I 

0.9 

18 

6 

19.6 

18 

II 

39.9 

8.1557 
8.8327 
8.8928 

8.5i57n 


0.8817 
0.8805 
0.8801 


MEAN  PLACES  FOR  1909.0  OF  COMPARISON  STARS. 


* 

a 

RED.  TO 
APP.  PL. 

s 

RED.  TO 
APP.  PL. 

AUTHORITY 

I 

i9''59'"43?87 

+  2?23 

— 18°  2'  29'.'o 

+  4'-'4 

8.9  mag.     Connected  with  *2 

2 

!9  57    16.62 

+  2.23 

—  18     9  28.1 

+  4.4 

Kami  3927 

3 

20    0   23.54 

+  2.24 

—  17  57  31-8 

+  4-5 

Washington  Zones   18836 

4 

19  56   20.03 

+  2.27 

—  17  54  24.1 

+  4-3 

9.5  mag.     Connected  with  *5 

5 

19  56   38.33 

+  2.27 

—  1748     7-1 

+  4.3 

Washington  A.  G.  Catalogue  7523 

6 

19  53    48.40 

+  2.29 

— 18  12  20.9 

+  4-2 

Radchfifej  5342 

7 

19  51    26.04 

+  2.30 

—  18    9  44-0 

+  3.8 

Wei.sse  ."Krgelander  15791 
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OBSERVATIONS  OF  COMET  NEUJMIN,  1913  c. 
Madf.  at  La  Plata  with  the  i7-Inch  Refractor. 

BY    \V.   J.    HlJSSEY. 


I913    LA    PLATA    M.    T. 

* 

CO  .MP. 

Aa 

A3 

API'.    0 

A  pp.    ' 

LOG  />A 
FOR   0         FOR  > 

Sept.      9 
9 

12"  9'"  0" 
12  26   26 

I 

8,    8 
8,    8 

+  0'"  8?79 
+  0    12.20 

—  1'    52''7 

—  3     351 

23-48'"    5546 

23  48     5  01 

+  o-'56'57"6 
+  0  57  36.8 

8.697611 

8.i82in 

0.709811 
0.709911 

ME.\M  PLACES  FOR  1913 

.0  OF  COMPARISON  STARS. 

* 

^ 

RICH.   TQ 

S 

RED.   TO 
A  PP.  PL. 

AUTHORITY 

I 

2 

23''47'"S3?I9 
23  47   49-33 

+  3?48 
+  348 

+  o°58'28''2 
4-  I    0  49.8 

+  22'' I 
4-22.1 

Connected  with  *  2 

Nicola  jew  A.  G.  Catalogue  5901 

OBSERVATIONS  OF  THE  MINOR  PLANET  HESTIA  (46), 

Made  at  .Ann  Arbor  with  the  i2J4-Tnch  Refractor. 

BY  W.  J.  HussEY 


1909  ANN   .\RB0R  M.  T. 

* 

com  p. 

Aa 

A5 

APP.  a 

APP.  5 

LOG /"A 

July       9 

1 1"  52"  22' 

I 

8,  8 

—  o'"38?6o 

-1-7'    lo''9 

I8''22'"I2?57 

- 19°23^  37''6 

8.9049 

0.8858 

10 

II   12   23 

2 

8,   8 

—  0   11.95 

+  3      9.2 

18  21      17.71 

—  19  24  35.2 

7.9851 

0.8877 

12 

II  45   22 

3 

8,  8 

+  0  42.04 

—  0     18.6 

18    19    25.31 

—  19  26  47.0 

8.9782 

0.8849 

15 

II  IS   26 

s 

8,  8 

—  0   14.39 

+  2    43-0 

18    16    46.51 

—  19  30  00. 1 

8.81OI 

0.8869 

16 

II  01    16 

6 

8,   8 

+  0     8.23 

+  2      3-3 

18    15     55.71 

—  19  31    6.4 

8.6606 

0.8875 

18 

10  16   51 

8 

8,   8 

—  0  25.61 

—  0    50.8 

18    14     18.13 

—  19  33  25.5 

8.39o8n 

0.8881 

19 

II  41     6 

9 

8,  8 

—  0   12.26 

-5      9-8 

18    13    27.78 

—  19  34  46.0 

9.1824 

0.8815 

BY  Geo.  A.  Lindsay. 

July 

0 

12'' 19""  22' 

I 

8,   8 

—  o"'39?57 

+  f    I4-0 

l8''22'"ll?60 

— 19°23'  34''S 

9.1248 

0.8829 

!'>      7    41 

3 

8.   8 

+  0  41.25 

—  0    19-7 

18  19  24.52 

—  19  26  48.1 

9.1428 

0.8782 

14 

II    19       2 

4 

8,   8 

—  0   26.22 

—  5      7.0 

18  17  38.26 

—  19  28  54.7 

8.7881 

0.8787 

15 

II  32      7 

8.   8 

—  0   14.97 

+  2    41.2 

18  16  45.93 

—  1930     1.9 

8.9788 

0.8854 

16 

II    16    29 

6 

8,   8 

+  0     7-69 

+  2      2.6 

18  15  55.17 

-19  31     7.1 

8.8704 

0.8867 

19 

10  15    14 

9 

8,  8 

—  0     9.30 

-5      6.5 

18  13  30.74 

—  19  34  42-7 

8.32i7n 

0.8883 

21 

10  25    49 

10 

8,  8 

—  0    19-93 

+  5     16.0 

18  II  59.01 

—  19  37    4.1 

8.3278 

0.8884 

MEAN  PLACES  FOR  1909 

.0  OF  COMPARISON  STARS. 

* 

a 

RED.  TO 
APP.  PL. 

S 

RED.  TO 
APP.  PL. 

AUTHORITY 

1 8"  22" 

49?  03 

-f  2?I4 

—  19° 30'  47"9 

—  o'.'6 

Weiss's  .-Krgelander   14395 

2 

18  21 

27.52 

+  2.14 

—  19  27  43-8 

—  0.6 

Connected  with  *  I. 
Aa  =  —  I°'2I5SI,  A5  =  -f  3'4Vl. 

3 
4 

18  18 

41.12 

+  2. IS 

—  19  26  27.7 

—0.7 

Radcliffea  4811 

18  18 

2.31 

+  2.17 

—  19  23  47.0 

—0.7 

Connected  with  *3. 

Aa  =  —  0'°3858l,  A8  =  +  2'40''7. 

5 

18  16 

58.73 

+  2.17 

—  19  32  42.5 

—  0.6 

Connected  with  *  3. 
Ao  =  —  i"'42?39,  AS  =  —  6'i4"8. 

6 

18  15 

45.29 

+  2.19 

—  1933     8.9 

—  0.8 

Connected  with  *  7. 
Aa  =  +  o"7?  18,   A«  =  +  8'42'.'3. 

7 

18  IS 

38.11 

+  2.19 

—  19  41  SI. 2 

—  0.8 

Weiss's  .\rgelander  14267 

8 

18  14 

41.5s 

+  2.19 

—  19  32  33-8 

—  o.g 

W  ciss  s  --\rgelander  14250 

9 

18  13 

37.85 

+  2.19 

—  19  29  35-2 

—  I.O 

Vi  eiss's  .•\rgelander  14222 

10 

18  12 

16.76 

+  2.18 

—  19  42  19.0 

—  I.I 

Radcliffe=  4777 
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OBSERVATION  OF  COMET  CAMPBELL,  1914  e. 

Made  .\t  Ann  Areor  with  the  i2;4-I^'ch  Refractor. 

BY  Bernhard  H.  Dawson. 


I9I4    ANN    ARBOR    il.  T. 

* 

COUP. 

Aa 

A3 

AFP.   a 

APP.    S 

LOG  /lA 
FOR  S          FOR  a 

I914 

Nov.      7 

7''4"'23' 

I 

10,    10 

+  0"'23?IO 

+  1'      9''4 

2i''46'"  35568 

+  6°  6'  i3'.'o 

8.646 

0.713 

MEAX  PL-\CES  OF  COMPARISON  STARS. 


* 

a   19140 

RED.   TO 
APP.  PL. 

5  1914.O 

RED.   TO 
APP.  PL. 

AUTHORITY 

I 
3 

2i''46'"  9?47 
21  4-;.   21.02 
21  4S    II.  I r 

+  3?ii 
+  3-09 
+  3.1-' 

+  6°  4'  43"8 
+  64  30.8 
+  6    5  31.0 

+  19.8 
+  19.7 
+  20.0 

Connected  with  *'s  2  and  3 
A.  G.  Leipzig  II  10949 
.\.  G.  Leipzig  II  10990 

OBSERVATIONS  OF  COMET,  1910  a. 

Made  at  Ann  Arbor  with  the  i2J4-I>>'ch  Refractor. 

BY  \V.  J.  HussEY 


I9I0 

ANN   ARBOR   M.  T. 

* 

CO  MP. 

la. 

AS 

APP.  a 

APP.  5 

L'JC,  />A 
FOR   a                FOR   5 

Jan. 

24 

5"  58"  31' 

I 

8,   8 

—  o"'i6?6o 

+  13'    42"  I 

21"  13'"   9?25 

—  4°40'  2 1 '.'2 

9.6421 

0.7788 

31 

6  26   24 

2 

S,   3 

—  3   54.07 

—   0    25.6 

21  36      8 

82 

+  2  34     7.2 

9.6353 

0.7669 

Feb. 

3 

6  Z2   35 

3 

8.    5 

+  0   18.20 

—  6    48.1 

21  42  46 

00 

+  4  29  58.9 

9.6383 

0.7659 

4 

6  IS    53 

^ 

8,   8 

+  0     9.10 

+7    59.1 

21  44   Z<) 

35 

+  5    0  34.S 

9.6.^67 

0.7632 

4 

6  24    is 

6 

8,   8 

+  0    18.09 

+   3      9.0 

21  44   39 

80 

+  50  40.1 

9.6376 

0.7641 

6 

6  28   42 

7 

8.   8 

+  0   15.70 

—   3    45.3 

21  48    12 

99 

+  6    0  17.8 

9.6397 

0.7644 

/ 

6  22    15 

8 

8,   8 

+  0  25.35 

+    I     23.2 

21  49   SI 

51 

+  6  27  35.1 

9.6396 

0.7628 

MEAN  PLACES  FOR  1910.0  OF  COMPARISON  STARS. 


* 

S 

RED.  to 

APP.  PL. 

APP.  PL. 

I 

2i''i3"27?78 

— 1?93 

—  4°S3'52''6 

—  io'.'7 

Strassburg  A.  G.  Catalogue  7432 

2 

21  40     4.77 

—  1.88 

+  2  34  43.5 

—  10.7 

Albany  A.  G.  Catalogue  7593 

3 

21  42   29.76 

-1.87 

+  4  36  57.7 

—  10.7 

9.3  mag.     Connected  with  *4. 
Aa  =  —  i3?43,  A5  =  — 4'44'.'8. 

4 

21  42   43.19 

-1.87 

+  4  41  42.5 

—  10.7 

.\lbany  .A.  G.  Catalogue  7602 

5 

21  44    32.11 

—  1.86 

+  4  52  46.1 

—  10.7 

.Albany  .\.  G.  Catalogue  7614 

6 

21   44    23.57 

—  1.86 

+  4  57  41.8 

—  10.7 

Albany  .\.  G.  Catalogue  7613 

7 

21   47    59.13 

-1.84 

+  6    4  13.8 

—  10.7 

Leipzig  .\.  G.  Catalogue  10990 

8 

21  49    27.99 

—  1.83 

+  6  26  22.6 

—  10.7 

Leipzig  .\.  G.  Catalogue  11 000 
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OBSERVATIONS  OF  COMET  METC.-XLF,  1910& 

Made  at  Ann  Arbor  with  the  i2J4-Inch  Refractor. 

by  w.  j.  hussey 


I9IO   ANN   ARBOR   M.  T. 

* 

CO -MP. 

Aa 

A5 

Al'P.  a 

AI'P.  S 

LOC 
roR  a 

FOR  S 

Oct.       7 
8 
9 
10 
II 

7"  48"' 56' 

7  54    53 

8  26      I 
7  43    44 
7  25    II 

I 
I 
I 
3 
3 

8,   8 
8,   8 
8,   8 
8,   8 
8,  8 

—  0"'I2?4I 

—  0     7.78 

—  0     2.05 

—  0   37.26 

—  0   30.07 

—  0'    50.3 
+  2      38.9 

+  6     19.6 

—  3     29.1 

+  2     41.9 

is' 25"' 59^67 
15  26     4-30 
15  26    10.02 
IS  26    16.07 
15  26   35.80 

+  i8°i9'34"S 
+  1823    3-5 
4-  18  26  44.0 
4-  18  30  16. 1 
+  18  42     1.8 

9.6561 
9.6577 
9.6606 
9.6581 
9.6543 

0.7234 
0.7274 
0.7548 
0.7273 
0.7154 

MEAN  PLACES  FOR  1910.0  OF  COMPARISON  STARS. 


* 

- 

RED.  TO 
API'.  PL. 

« 

RED.  TO 
APP.  PL. 

AUTHORITV 

I 

15-26- 

ii?74 

+  o?34 

+  18° 20'  24'.'7 

+  o'.'i 

9.S  mag.  Connected  with  *2. 
'  Aa  =  +  r'47?95  ■,^S  =  +  o'49-'5. 

2 

15  24 

23-79 

+  0.34 

+  18  19  35-3 

+  0.0 

P.erlin  A.  G.  Catalogue  5554 

3 

15  26 

53-00 

+  0.33 

+  18  33  45-6 

—  0.4 

9.3  mag.    Connected  with  *4. 

Aa  =  — o"'i2?54;  A8  =:;  —  5'34'.'9. 

4 

15  27 

5.54 

+  0.33 

+  18  39  20.5 

—  0.4 

Berlin  .\.  G.  Catalogue  5567 

Redi 

ction  to  app 

irent  place  :    *  i 
*3 

Oct.    8,  +o?34,  —  o'.'2;  Oct.  9,  +o?33,  —o'-'s. 
Oct.  II,  -f-0.33,  —0.6. 

OBSERVATIONS  OF  COMET  GALE,  1912a. 

Made  WITH  THE  17-IXCH  REFR.A.CT0R  OF  La  Plata  Observatory. 

BY  \V.   I.  Hi;ssEY 


I912    LA    PLATA    M.    T. 

* 

COMP. 

Aa 

A5 

app.  a 

app.  5 

LOG/'A 
FOR   a                FOR   S 

Sept.     17 
19 
20 
20 

6"  59"  41' 
6  53   46 

6  43   25 

7  12    19 

I 
2 
3 
3 

10,    5 
10,   8 
10,   8 
8,   8 

+  2""  1 1  ?40 

+  0  24.47 

—  0   1309 

—  0     7-91 

+  3'    56-5 

—  0    43-2 

—  2      3.0 

—  0     19.9 

I4''26'"58?47 
14  36   31.01 
14  40   59.41 
14  41     4.59 

—  25°  5'  i6'.'7 

—  22  15  23.5 

—  20  50  25.4 

—  20  48  42.3 

9.6819 
9.6692 
9.6499 
9.6768 

o.5o85n 
o.5347n 
o.53iin 
0 . 5669n 

BY  H.  J.  Colliau. 


Sept.     20 


-o'"  4567 


+  0'  47'' 


m'Ui'"   7^83 


—  20-47  34-9 


9.6900 


o.58g4n 


MEAN  PLACES  FOR  1912.0  OF  COMPARISON  STARS. 


* 

a 

RED.  TO 
APP.  PL. 

S 

RED   TO 
APP.  PL. 

AUTHORITY 

I 

2 

3 

U"  24""  46?  14 
14  36      5-53 
14  41    11-46 

+  o?93 
4-  I. 01 
+  1.04 

—  25°  8'59''4 

—  22  14  27.1 

—  20  48    9-5 

—  i3''8 

—  13-2 

—  12.9 

Cordoba  General  Catalogue  19614 
Cordoba  General  Catalogue  19885 
Cordoba  General  Catalogue  20010 
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OBSERVATIOXS   OF  COMET   ZINNER-GIACOBINI,    1913^ 

Made  with  the  i^-Inch  Refractor  of  La  Plata  Observatory. 

BY  W.  J.  HussRY 


1913 

LA    PLATA    i 

.    T. 

* 

CO  MP. 

Aa 

\S 

APP.  a 

APP.  5 

LOG /-A 

FOR  a 

FOR" 

Oct. 

28 

8"  50" 

IQ' 

I 

8,   8 

—  0" 

ii?09 

+  o' 

37'-'o 

19"  6" 

8?7.S 

—   9°i7'S9"o 

9.6375 

0.644211 

20 

8  SS 

18 

3 

8,   8 

—  0 

2.78 

+  0 

Si-i 

19   II 

12.74 

—  10  15  33-6 

g.6406 

0.638311 

SO 

8  48 

27 

5 

8,  8 

—  0 

18.. 33 

—  I 

22.8 

19   16 

22.52 

—  II  13  40.4 

9.6360 

o.6279n 

M 

8  14 

s 

6 

8,  8 

+  0 

9-75 

+  2 

.S3. 8 

19   21 

32.63 

—  12  II     8.0 

9.5939 

o.599in 

31 

I 

8  48 
8  26 

52 

47 

7 
8 

42.98 
12.93 

19  21 
19   27 

40.47 
0.89 

9.6366 
9.6109 

Nov. 

8,   8 

+  0 

+  1 

32.0 

—  13  II  13.4 

o.596on 

9    3 
7  48 

S8 

:s2 

9 
10 

14,— 
8.  8 

+  1 
—  0 

4.32 
13-04 

19  27 
19   32 

9.35 
24.82 

9.6503 
9.5506 

2 

+  1 

47.4 

—  14    9  46.2 

o.5586n 

6 

8  40 

48 

12 

8,  8 

+  0 

17.70 

—  3 

34-0 

19   56 

4.85 

—  18  15  13.4 

9.6277 

o.546on 

8 

8  49 

44 

13 

8,   8 

+  0 

14.12 

—  J 

39-9 

20      8 

37.53 

—  20  17  15.0 

9-6383 

o.5269n 

16 

9  25 

33 

IS 

8,   8 

—  0 

2.34 

+  3 

28.9 

21      3 

44.02 

—  27  56  56.6 

9.6782 

0.443911 

18 

8    ^2 

S3 

17 

8,   8 

—  0 

0.68 

—  I 

49-7 

21    18 

15.57 

—  29  35  53.1 

9.6010 

o.2740n 

18 

859 
827 

18 

14,— 
8,  8 

+  1 
+  0 

41.17 
18.71 

21    18 

23.80 
46.29 

9.6441 
9-5870 

iq 

Q 

19 

+  2 

37-4 

21    25 

—  30  23  49.9 

0.2252n 

29 

9  34 

4 

21 

8,   8 

+  0 

22.18 

—  0 

12.6 

22  43 

19.76 

—  36  18  35.8 

9.6670 

0. 128111 
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REGISTRATION  OF  EARTHQUAKES  AT  THE  DETROIT 
OBSERVATORY  DURING  THE  YEAR  1912 


By  WALTER  M.  MITCHELL 


Tlie  seismographic  equipment  of  tliis  observa- 
tory has  been  described  in  a  previous  number  of 
this  publication.  The  seismographs  have  been 
in  constant  operation  during  tlie  past  year,  and 
have  probably  recorded  all  the  severe  earthquak- 
es wherever  occurring,  besides  numerous  minor 
disturbances  and  microseisms.  The  total  num- 
ber of  distinct  shocks  recorded  is  eighteen ;  of 
these,  the  most  severe  was  that  of  July  7th. 

There  have  been  few  changes  in  the  adjust- 
ments of  the  instruments.  The  periods  of  the 
pendulums  of  the  Bosch  Tromometers  have  been 
adjusted  so  that  now  both  have  the  same  value, 
approximately  12  seconds.  The  Wiechert  Ver- 
tical Seismograph  made  a  feeble  response  to  our 
efforts  at  adjustment,  and  has  yielded  two  very 
small  records, — this  was  in  the  early  part  of  the 
year.  Since  then  it  has  relapsed  to  its  former 
itate  of  inefficiency.  The  principal  fault  seems 
to  be  one  of  design;  the  instrument  apparently 
lacks  sensitiveness. 

Microseismic  disturbances  have  been  less  nu- 
merous during  the  year  1912,  than  during  the 
preceding  years.  This  is  particularly  true  of  the 
short  period,  or  "regular"  microseisms.  The  ir- 
regular microseisms  of  the  type  shown  in  Fig- 
ures 3  and  4,  Plate  XIII  of  this  volume,  have 
been  proportionately  more  frequent  than  in  the 
preceding  period. 

As  before  noted  all  types  of  microseisms  are 
more  frequently  recorded  during  the  winter 
months  than  at  any  other  time  of  year.  The 
irregular  microseisins  have  been  almost  invari- 
ably recorded  during  the  coldest  weather,  at  the 
times  when  the  surface  of  the  ground  is  frozen. 
During  January  and  February  these  tremors 
were  almost  continuous,  and  those  months  were 
by  far  the  coldest  of  the  year.  Similarly  during 
a  short  period  of  cold  weather  in  the  month  of 
December,  these  irregular  microseisms  were  con- 
spicuous on  the  seismograph  records.  One  fea- 
ture in  connection  with  these  tremors  has  been 
particularly    noted,    namely,    that    the    strongest 


irrcgidar  tremors  are  almost  invariably  record- 
ed during  the  early  hours  of  the  day;  that  is  dur- 
ing the  three  or  four  hours  after  8  a.  m.,  at  which 
time  the  sheets  are  changed.  This  seems  to  in- 
dicate that  there  is  some  connection  between 
these  tremors  and  the  daily  rise  in  the  tempera- 
ture resulting  from  the  appearance  of  the  sun 
above  the  horizon.  The  presence  of  actual  sun- 
shine does  not  seem  to  be  essential,  as  is  learned 
from  a  comparison  of  the  record  of  microseisms 
with  the  meterological  record.  However,  the 
daily  rise  in  temperature  takes  place  regardless 
of  actual  sunshine,  so  that  the  absence  of  this 
would  not  necessarily  preclude  the  heating  effect 
as  a  contributing  cause.  It  seems  more  likely 
that  the  causes  of  these  irregular  microseisms 
will  be  found  in  the  changes  of  the  temperature 
of  the  air,  and  in  the  barometric  pressure  rather 
than  in  any  change  in  the  actual  temperature 
of  the  surface  of  the  ground.  That  the  causes 
are  atmospheric  is  supported  by  Klotz'  investi- 
gations of  the  correlation  between  microseisms 
observed  at  Ottawa  and  barometric  pressures 
over  the  neighboring  regions.  It  seems  safe  to 
assume  that  the  surface  of  the  ground  must  be 
in  a  proper  condition  to  render  changes  of  at- 
mospheric conditions  effective.  The  frozen  con- 
dition of  the  ground  is  probably  a  contributing 
cause,  but  is  apparently  not  sufficient  in  itself  to 
produce  microseisms  of  this  character,  for  fre- 
quently the  seismograph  records  nothing  un- 
usual when  the  surface  of  the  ground  is  hard 
frozen. 

The  interpretation  of  these  particular  types 
of  disturbances  recorded  by  the  seismograph  is 
one  of  great  difficulty,  as  there  are  prob?Hy  many 
factors  which  modify  the  appearance  of  the  ac- 
tual record.  The  problem  is  one  of  great  inter- 
est, but  it  is  one  that  can  only  be  solved  by  co- 
operation, and  by  the  comparison  of  records  and 
observations  made  at  many  stations.  It  is  hoped 
that  the  present  type  of  seismograoh  will  be  ma- 
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terially  improved,  so  that  the  seismogram  will  be 
a  record  of  the  actual  movement  of  the  earth 
particle,  free  from  the  spurious  vibrations  and 
tremors  due  to  the  swinging  of  the  pendulum. 

The  data  referring  to  the  several  shocks  re- 
corded and  to  the  microseisms  are  given  below. 
The  manner  of  presenting  this  data,  and  the  no- 
tation used,  follow  the  scheme  employed  in  the 


former  paper  with  the  exception  that  in  accord- 
ance with  the  customs  of  other  observatories  the 
times  of  the  phase  "K"  (end  of  long  waves)  have 
been  omitted.  All  times  are  given  in  Central 
Standard  Time,  midnight  to  midnight;  to  obtain 
Greenwich  civil  time  add  six  hours.  Remarks 
follow,  which  give  the  nature  and  the  peculiari- 
ties of  the  record  of  the  shock. 


NO. 

INSTRUMENT 
°    ™        COMPONENT 

P 

S 

L 

M 

F 

A 

A 

^9 

2 

h  m 

h  m 

.     h  m 

h  m 

h  m 

ni.m. 

mgm. 

77 

Jan. 

31 

B— EW' 
B— NS 
W— EW 
W— NS 

14  20.0 
14  19.9 
14  21. I 

14  26.2 
14  26.1 
14  25.9 
14  25.3 

14  34.3 
14  34-3 
14  .34-0 
14  33-9 

14  34-6 
14  350 
14  34-9 
14  34-3 

15     7 
15  12 
14  SO 
14  48 

18. 1  1 
12.0   1 
S-o   1 
4-0  J 

50 

-8 

Mar. 

II 

B— EW" 
B— NS 
W— V 

4  35-3 

4  39-2 
4  38.0 
438.8 

4  40.0 
4  40.0 

s  17 

S  16 

IS-S 
IS-l 
0.2 

79 

May 

6 

B— EW 
B— NS 
W— EW^ 
W— NS 

^v— V 

13     9-5 
13     9-4 

13    9-5 

13  14.2 
13   14-2 
13   14-2 
13  14-4 

13  24.0 
13  25.0 
13  23.8 
13  24.9 
13  24.2 

13  26.1 
13  27.2 
13  24. 5 
13  25.2 

14    7 
14    7 

13    S 

13    4 

25.1  1 

36.1    I 

5-2   1 

6.1  J 

0.4 

4-7 

8o 

May 

22 

B— NS 

20  46. s 

21  12.5 

21  29.1 

21  3S-7 

22  18 

6.0 

8i 

June 

8 

B— EW 
B— NS 

0  13.0 
0  12.8 

0  16.0 
0  16.8 

I.I 
30 

82 

June 

8 

B— EW 
B— \S 

I  45-7 
I  50.7 

I  54-5 
I  59.8 

2      2.3 
2      2.3 

2    3-3 

2    3-7 

37-1 
24.2 

83 

June 

10 

B— EW 
B— NS 
W'— EW' 
W— NS 

10  12.6 
10  12.5 
10  14.6 
10  14.6 

10  23.0 
10  23.0 

10  25.0 
10  25.0 

10  32.8 
10  32.6 
10  34-7 
10  34-8 

10  331 
10  32.8 
10  34-9 
10  34-9 

II  14 
II  14 
II     6 
II     5 

II. 1I 
14-9   L 

3.1  r 

3-2  J 

6.S 

84 

June 

12 

B— EW 
B— NS 
W— EW 
W— NS 

6  49-5 
6  49-3 
6  49.7 
6  49-.S 

6  54-3 
6  54.1 
6  54-3 
6  54-3 

6  S7-I 

7  0.1 
6  57-3 
6  59-8 

6  57-4 

7  i-i 

7     1.2 

7  16 
7  IS 
7    4 

7    5 

4.0 1 
4.0  ! 

2.5  r 

IS  J 

31 

8S 

July 

7 

B— EW 
B— NS 

3    S-9 
3    7-3 

3  12.3 
3  13-8 

3  20.0 
3  21.0 

4  15 
4  20 

>72.0( 

>7i.of 

4-4 

86 

July 

8 

B-EW 
B— NS 
W— EW 
W— NS 

16    2.7 
16    3.2 
16    2.8 
16    2.7 

16     90t 
16    9.7t 
16    8.9t 
16     9.2t 

16  16.8 
16  17.8 
16  17.6 
16  17.3 

16  20.5 
16  20.8 
16  18.0 
16  20.3 

16  41 
16  46 
16  36 
16  33 

16.2 -) 
1S.8  I 
19.8   f 
14.8  J 

4-5 

87 

Aug. 

8 

B— EW 
B— NS 
W— EW 
W— NS 

19  518 
19  51-7 
19  51-0 
19  51.7 

20    2.  it 
20    I.  it 
20    2.2 
20    2.2 

20  17.3 
20  10.6 
20  17.0 
20  12.2 

20  20.3 
20  18.4 
20  17.2 
20  17.4 

20  S5 

21  6 
20  55 
20  56 

lO.O  1 

9.0  1 

ill 

8.1 

88 

Aug. 

18 

B— EW 
B— NS 
W— EW 

W— NS 

15  21.4 

15  23-0 

15  21.7 
15  22.3* 

IS  22.3* 

15  24.9* 
15  24.9* 
15  24.3 
15  24.3 

15  25.3 

IS  29 
IS  30 
15  28 
IS  24 

■■■1 

4.0  r 

i-S  J 

1.8 

8q 

Sept. 

10 

B— EW 
B— NS 
W— EW 

10  18.6 
10  18.5 
10  17. S 

10  20.4 
10  20.4 
10  19.4 

10  20.5 
10  20.5 
10  19. s 

10  23 
10  22 
10  21 

S.3) 
2.0 
4-4  ) 

1-4 
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INSTRUMKNT 
COMI'ON'ENT 


93 


94 


1012 
Sept.  20 


Nov.     7 


Nov.   ig 


Dec. 


Dec. 


h  m 


B— EW 
B-NS 

15  55-0 
15  56.9 

B-EW 
B— NS 

W— EW 
W— NS 

I  48.8* 
I  48.7* 
I  49  0* 
I  49.0I- 

I  55-5* 
I  55-5 
I  SS-5* 
I  55.6* 

I  59-3* 
I  59-2* 
I  59-2 
I  59-3 

B— EW 

B— NS 
W— EW 

W-NS 

8    0.8 
8    0.8 
8    0.6 
8    0.6 

8    5.5* 
8    5.5* 
8    5-3 
8    5-3 

B-EW 
B— NS 
W— EW 
W— NS 

17    6.1* 
17    5-8* 
17    6.0* 
17    6.1* 

B-EW 
B— NS 
W— EW 
W— NS 

2  38. 2 
2  38.2 

2  44.6 
2  4.1-6 
2  4.3-9 
2  44-3 

2  51-0 
2  52.4 
2  50-3 
2  52-3 

li  m 


15  58-3 


2  52.6 


16    6 
16    7 

0.2 
0.5 

2  52 
238 
2  39 
238 

7-8] 
7-5   1 

3-0  r 

3.0  J 

8  29 
8  28 
8  28 
8  28 

5-5 
8.5 
30 
4.0 

17  14 
17  II 

2.0 
1.8 

17  13 
17  II 

2.3 
1-5 

3    7 
3    8 

5-1  1 
26.0  { 

3     7 
3     7 

2.5   1 
4-0  J 

REMARKS 

77.  According  to  newspaper  reports  this 
shock  occurred  in  Alaska.  Agreement  in  dis- 
tance good. 

yPi.  Preliminaries  are  very  indistinct.  Hence 
times  are  uncertain,  and  no  estimate  is  made  of 
distance.  Slight  record  on  Wiechert  \'ertical. 
No  record  on  Wiechert  Horizontal. 

79.  Distance  is  somewhat  uncertain  as  P  is 
not  clearly  marked.  Two  main  shocks.  Second 
follows  first  after  an  interval  of  three  minutes. 
Recorded  on  Wiechert  Vertical  Siesmograph. 

80.  Preliminaries  are  very  uncertain,  hence 
no  attempt  is  made  to  determine  the  distance. 
Shock  consists  of  four  groups  of  waves  or  pulses, 
at  intervals  of  about  2.5  minutes.  Time  signals 
are  defective  on  B-EW  and  both  Wiechert  rec- 
ords, hence  these  cannot  be  read. 

81.  Continuous  tremors  and  small  shocks 
during  the  previous  day.  See  in  record  of  mi- 
croseisms. 

82.  This  shock  while  quite  severe  is  very  un- 
satisfactory, as  it  is  quite  impossible  to  differ- 
entiate the  phases  owing  to  continuous  tremors. 
The  hour  signals  on  the  Wiechert  record  are 
nearly  all  missing.  Consequently  no  times  can  be 
given  for  this  instrument.  B-EW  time  signals 
are  verv  faint  and  uncertain.     Another  smaller 


shock  followed  at  about  7  hrs,  but  all  time  signals 
are  missing. 

83.  Distance  probably  not  accurate. 

84.  Times  a  little  uncertain  owing  to  incom- 
plete clock  signals.  Record  in  both  instruments 
is  so  similar  that  it  is  conspicuous.  Distance 
fairly  accurate. 

85.  A  severe  shock.  Recording  pen  swung 
off  sheets  from  3  hrs  25  min  to  3  hrs  28  min. 
Wiechert  Horizontal  out  of  order,  hence  no  rec- 
ord.    Distance  fairly  accurate. 

86.  Preliminaries  are  not  well  marked,  but 
distance  seems  to  be  accurate.  Times  may  not 
be  accurate  as  signal  clock  was  moved  to  a  new 
location  during  this  day. 

87.  Distance  is  probably  not  accurate. 

88.  A  very  small  disturbance,  probably  not 
far  distant.  Times  are  somew-hat  uncertain  ow- 
ing to  irregularity  of  signal  clock. 

89.  A  very  small  disturbance,  mainly  in  the 
EW  component.     Not  recorded  on  W-NS. 

90.  This  disturbance  consists  of  sine  curves 
of  small  amplitude.  No  preliminaries  are  visible. 
Only  faint  traces  of  this  shock  on  the  Wiechert 
record. 

91.  Preliminaries  are  well  marked.  Main 
waves  consist  of  irregular  tremors  without  the 
characteristic  maximum.    A  second  impulse  fol- 
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lows  at  2  hrs  5.5  min.     Direction  of  movement 
SE-NW.    Distance  not  accurate. 

92.  P  is  not  distinguishable.  A  single  sharp 
impulse  at  L,  followed  b}'  irregular  tremors  of 
small  (2-3mm)  amplitude. 

93.  No  preliminaries  visible.  Small  irregular 
tremors  frequent  all  during  the  day.  Shock  com- 
mences with  a  single  impulse,  direction  NE-SW. 
End  of  tails  lost  in  microseisms. 

94.  A  decided  shock.  Movement  almost  en- 
tirely NS.    Distance  accurate. 

MICROSEISMS. 
1912. 

Jan.   1-2. 
Slight  irregular  tremors  during  the  day.    These  show- 
most  prominently  on  B  —  E  W  record. 

.Tan.  2-3. 

The  same  tremors  are  continued. 

Jan.  3-4. 

Strong  irregular  tremors  on  both  Bosch  records. 
Stronger  in  E  \V  component  until  Jan.  4.  o  hrs. 
when  the  N  S  component  becomes  stronger.  No 
trace?  of  these  tremors  on  the  Weichert  records. 

Tan.  4-5. 

Strong  irregular  tremors  continued.  These  die  out 
in  EW  component  by  Jan.  4,  18  hrs.,  but  continue 
with  only  slightly  diminished  intensity  in  the  N  S. 
No  traces  on  tlie  Weichert  record. 

Jan.  5-6. 

Moderately  strong  irregular  tremors  on  both  Bosch 
records.  Scattered  groups  of  short  period  micro- 
seisms  on  the  N  S  record.  No  traces  on  Weichert 
record. 

Jan.  6-7. 

Strong  irregular  tremors  on  Bosch  records  durnig 
the  early  part  of  this  period. 

Jan.  7-8. 

Tremors  continued. 

Jan.  8-9. 
Tremors  continued.  But  on  B  —  E  W  these  are  much 
diminished  after  Jan.  8,  17  hrs.     Nothing  on  Weich- 
ert records. 


Jan.  9-10. 

Occasional   tremors   during 
mucli  diminished. 


the   day,   but   intensity   is 


Jan.  12-13. 

Irregular   tremors.      Stronger    in    early    part   of 
period  on  E  W  record. 


Jan,   13-14. 

Moderately  strong  irregular  tremors  on  B  —  E  W, 
but  not  on  B  —  N  S.     Weichert  shows  nothing. 

Jan.  14-17. 

Tremors  continued.  X  S  component  increasing  in 
strength. 

Jan.  17-1S. 

Intensity  of  tremors  much  reduced. 

Jan.  19-20. 

Occasional  irregular  tremors  of  small  intensity. 

Jan.  20-22. 

Tremors   continue,   gradually   increasing   in   strength. 

Jan.  29-30. 

Occasional  irregular  tremors  with  short  period  mi- 
croseisms, the   latter  are   stronger  on   N  S   record. 

Faint  traces  on  Weichert. 

Feb.   1-4. 
Irregular  tremors  during  this  period.  These  become 
verj-  strong  on  Feb.  4. 

Feb.  4-5. 

Irregular  tremors  continue,  but  with  diminishing  in- 
tensit}'. 

Feb.  5-8. 

Continuous  irregular  tremors  of  small  intensity. 

Feb.  8-9. 

Intensity  of  tremors  diminishing.  There  have  been 
no  traces  of  these  on  the  Weichert  records. 

Feb.  12-14. 
Continuous    irregular   tremors,    intensity    diminishing 
towards  the  end  of  this  period.    Tremors  are  more 
conspicuous  on  E  W  record.     No  traces  on  ^^'eich- 
ert. 

Feb.  21-24. 

Continuous  irregular  tremors  of  small  intensity  dur- 
ing this  period.  More  conspicuous  on  E  W  record. 
Faint  traces  on  Weichert. 

Aug.  22-23. 

Scattered  groups  of  regular  microseims  on  B  —  E  W 
record.    Traces  of  these  on  W  —  EW. 

Sept.  16-17. 
Regular  microseisms  of  small  amplitude  on  B  —  E  W 
record. 

Sept.  29-30. 
Slight    traces    of    irregular    tremors    on    both    Bosch 
records. 

Nov.  3-4. 
Faint  traces  of  regular  microseisms  with  very  small 
amplitude.     These  show  on  the  Weichert  records. 
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Nov.  7. 

A  series  of  regular  tremors  licijiniiing  at  10  hrs.  55 
mill,  contiiniing  for  9  min.  These  commence  again 
at  II  hrs.  4J  min.  and  contimie  for  10  niiii.  This 
was  probably  a  small  shock,  but  phases  cannot  be 
distingxiished.  .'\niplitude  less  than  0.5  mm.  These 
tremors  are  most  conspicuous  on  B  —  E  W,  only 
very  slight  traces  on  Woichert  record. 

Nov.  1.V14. 
Irregular  tremors  of  small  amplitude  on  B  —  N  S. 

Nov.  14-15. 
Irregular  tremors  continue  on   B  —  N  S.     Supporting 
pier  shifts  during  day,  indicated  by  decided  "drift'' 
of  recording  pen. 

Nov.  16-19. 
Irregular  tremors  on   B  —  NS  continue. 

Nov.  21-22. 

Slight  tremors  on  B  —  E  \V,  these  appear  also  on 
B  —  N  S,  with  traces  on   Wiedhert  records. 

Nov.  23-24. 
Slight  irregular  tremors  on  B  —  N  S. 

Nov.  28-29. 

Tremors  begin  at  the  end  of  this  period.  These  are 
generally  irregular  and  quite  prominent  on  B  —  N 
S.     Conspicuous  on  Wiechert  records. 

Nov.  29-30. 

Tremors  continue  through  this  period,  diminishing 
in  intensity  at  the  end. 

Dec.  2-3. 

Faint  traces  of  irregular  tremors  on  B  —  N  S. 


Dec.  6-7. 

Strong  irregular  tremors  during  the  early  portion  of 
this  period,  gradually  diminishing  in  intensity. 
Conspicuous  on  B  —  N  S,  but  not  recorded  on  B  — 
E  W.     Not  recorded  on  Wiechert  instruments 

Dec.  7-8. 

Small  irregular  microseisiiis.  These  are  more  con- 
spicuous on  B  —  EW  than  on  B  —  N  S.  The 
Wiechert  records  also  show  distinct  tremors. 

Dec.  9-12. 

Conspicuous  irregular  microseisiiis  on  B  —  N  S. 
These  show  slightly  on  B  —  E  W.  Intensity  dimin- 
ishes during  latter  portion  of  period. 

Dec.  12-13. 

\  cry  strong  irregular  tremors  on  the  morning  of  the 
12th.  These  are  strong  on  the  B  —  NS  record, 
with  only  traces  on  the  B  —  E  W.  Wiechert  rec- 
ords do  not  show  these  tremors. 

Dec.   13-14. 
Tremors    continue,    but    with   greatly    diminished    in- 
tensity. 

Dec.  22-23. 
Sligfht  irregular  tremors  on  B  —  N  S. 

Dec.  25-26. 
Short  period  regular  microseisms.    These  are  equally 
prominent  on  both  Bosch  records.    Traces  on  W  — 
E  W.    Line  traced  by  pen  of  Wiechert  Vertical  is 
very  uneven  in  intensity,  but  no  tremors. 

Dec.  28-30. 

Scattered  short  period  regular  microseisms  on  both 
Bosch  records. 

Dec  31-Jan.  I. 
Scattered   regular   microseisms   continue.     Traces   on 
Wiechert  records. 


THE  REGISTRATION  OF  EARTHQUAKES  AT  THE  DETROIT 
OBSERVATORY  DURING  THE  YEAR  1913 

By  PAUL  W.  MERRILL 

The    equipment    of   this    seisniological    station      periods.     The   disposition  and  constants   of  the 
has  been  described  in  the  reports  for  preceding      instruments  have  not  been  altered. 


NO. 

DATE 

INST.    COMP. 

P 

S 

L 

M 

F 

A 

A 

I913 

h  m 

h  m 

h  m 

h  m 

h  m 

mm. 

TOGO  km. 

95 

Jan.     15 

B-EW 
B— NS 

6 

13    7 

small 
small 

96 

Mar.     4 

B— EW 
B-NS 

remark 

638.1 
37.8 

0.3 
0.2 

97 

Mar.     8 

B— EW 
B— NS 
W— EW 

958.5 
59.0 

10    3-7 
3-4 

10     7.1 
6.7 
7.0 

ID      9.4 

7-5 
8.2 

>io  30 

3-0 
0.4 
0.9 

3 

98 

Mar.    14 

B— EW 
B— NS 
W— EW 
W— NS 

3    5-4 
4- 
4- 
4-4 

3  23.1 
17.0 
23.0 

23-1 

3  42.4? 
42.1 
42.1 
42.2 

3  44-3 
42.8 
44-1 
44.0 

4  16 

15 
31 
42 

0.7 
0.7 
0.9 
0.6 

13 

99 

Mar.   30 

B— EW 
B— NS 
W— E\\' 
W— NS 

21  :;i.6* 
51.4* 

51-5* 
51.5* 

22  14.9 
18.5 
14.0 
13-9 

22  18.7 
19.0 
18.4 
18.0 

>22   50 

>  50 
>23      0 

>  0 

0.7 
1.2 
0.7 
0.8 

8 

100 

May    16 

B— EW 
B— NS 

6  17.5 
17-5 

0.2 
0.2 

lOI 

May    30 

B— EW 
B-NS 

655 
54 

>  7    8 

>  9 

1.2 
0.5 

102 

Tune    14 

B— EW 
B— NS 

2  43-2 
42.7 

3    4-1 
3-4 

0.3 
0.2 

103 

June   25 

B— EW 
B— NS 
W— EW 

23  16.0 

22,  30. 7t 
30.8 

23  46.2* 

22  55-9 
.^6.7 
56 

I  30 
0  39 

1.9 
0.5 

11 

1 0.1 

July      8 

B— EW 
B— NS 
W— EW 
W— NS 

18  22.8 
22.3 
22.8 

18  25.8 
25.2 
25- 7 
25-5 

18  26.0 
23.4 
26.0 
25.8 

18  32 
35 
32 
26 

2.5 
0.9 
0.4 
0.1 

2 

105 

July    25 

B— EW 
B— NS 

6  50.4 
50.1 

653.6 

54-4 

6  55-2 
56.7 

7    TO 

9 

1-5 
0.7 

2  + 

106 

Aug.     6 

B— EW 
B— NS 
W— EW 
W— NS 
W— V 

16  27.1 
23-9 

16  32.2 
31-8 
33.8 
3I-I 

16  38.6 
41.0 

41.2 

16  44-2   . 
48.3 
44.0 
48.2 
50.2 

17  48 
45 

16  58 

17  I 

9.8 
12.0 

I.O 

I.I 
I. 

5 

107 

Oct.       I 

B-EW 
B— NS 

22  29.4 

22  35.2 
34.7 

22  38.9 
40.6 

22  42.6 
45-3 

23    4.9 

3-4 

4-1 
1-5 

yA 

108 

Oct.      4 

B— EW 
B— NS 

16  n.8 

16  15.6 

16  21 .9 
27.0 

0.2 
0.15 

!O0 

Oct.     TO 

B— EW 
B— NS 

23    TO 

s 

0.3 

0.15 

*  = 

veil  defined. 

t 

=    gradual 
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REMARKS. 

Measurements  not  conveniently  •  included  in 
the  scheme  of  the  table  are  given  liclow.  Some 
slight  shocks  are  described  under  the  head  of 
microseisms. 

The  three  values  of  the  distance  computed  by 
the  Laska  formulae, 

(i)     A^S  — P  — I. 

(2)  A=i/3(L— P). 

(3)  A.=--i/2(L  — S  +  I). 

nearly  always  decrease  from  (i)  to  (3).  The 
mean,  which  usually  ditifers  but  little  from  (2), 
is  apparently  not  far  from  the  truth. 

95.  A  weak  sliock  extending  over  many  min- 
utes. Small  motion  shown  on  W'iechert.  Slow 
microseisms  during  the  day. 

96.  A  slight  shock  of  small  irregular  waves. 
B-E  W  strongest  portion  from  6  h  38.  i  m  to 
42.5  m,  with  a  lull  from  40.2  m  to  41.6  m.  B-N  S 
from  6  h  37.8  m  to  41.4  m,  with  a  lull  from  38.8  m 
to  40.9  m.    Nothing  definite  on  W. 

97.  Tremors  died  out  very  gradually.  W'-X  S 
record  imperfect  but  recorded  motion  is  of  very 
small  amplitude.  On  B-N  S  there  is  a  stronger 
group  of  sinusoidal  waves  in  the  tail  from  10  h 
26.4  m  to  29.4  m. 

98.  It  is  possible  that  S  and  L  have  been  mis- 
identified. 

100.  B-F.  W  small  waves  beginning  about  6  h 
9  m  coming  to  a  maximum  at  17.5  m,  dying  away 
again  in  a  few  minutes.  B-N  S  same.  Also 
show  n  on  W-N  S. 

loi.  B-E  W  small  waves  beginning  6h  34  m, 
gradually  increasing.  B-N  S  tremors  begin  grad- 
ually about  6h  32  m.  W-E  W  waves  of  maxi- 
mum amplitude  0.2  mm  from  6  h  53  m  to  57  m. 
W-N  S  trace?  W-V  slight  tremors  (amplitude 
scarcely  o.i  mm)   from  6h  53.8  m  to  57.3  m. 

102.  B-E  W  undulations  last  for  half  an  hour 
after  M,  starting  up  again  70  m  after  M.  B-N  S 
undulations  cease  about  10  m  after  M  but  start 
up  again  about  70  m  after  M. 

103.  The  stronger  waves  show  for  2  or  3  m 
on  W-E  M'.  The  slightest  irregular  trace  on 
W-N  S. 


106.  W-V  record  poor.  Long  waves  began 
at  16  h  47.8  m  and  ended  at  53.4  m. 

107.  The  Panama  earthquake. 

108.  A  small  record.   No  well  marked  phases. 

109.  .V  weak  disturbance  having  a  gradual 
increase  and  decrease  in  intensity. 

MICROSEISMS. 

The  characteristic  features  of  the  microseismic 
disturbances  recorded  here  have  been  described 
and  discussed  in  previous  reports. 

The  microseisms  recorded  as  "groups  of  sinus- 
oidal waves"  may  in  some  cases  be  due  to  the  pas- 
sage of  trains  on  tracks  one-half  kilometer  north. 
There  is  some  evidence,  however,  that  these  are 
real  seismic  tremors  which  are  assisted  in  record- 
ing themselves  by  the  rapid  vibrations  given  the 
pen  by  trains.  In  this  connection  see  Hobbs' 
Earthquakes,  p.  264.  It  appears  that  train  effects 
are  not  the  same,  or  even  of  the  same  general 
character,  at  all  times. 


\riCROSE!SMS  1913. 

IQU- 
Jan.  1-7. 

Irregular  sinusoidal  waves  on  the  B  instruments. 
Traces  on  \V.    On  Jan.  3-4  stronger  E\V  than  NS. 

Jan.  ;-g. 

Small  irregular  motions  but  nearly  continuous. 

Jan.  8-13. 

Regular  sinusoidal  waves  of  small  amplitude,  increas- 
ing to  a  maximum  on  9-10,  and  then  dying  away 
very  slowly. 

Jan.  13-14. 

As  aliove  but  more  active. 

Jan,   14-15. 
Triices. 

Jan.  20-23. 

Weak  sinusoidal  tremors. 

Jan.  28-29. 

Small  groups  of  sinr.soidal  tremors  on  B  and  W. 

Jan.  29-30. 

Same  but  weaker. 

Jan.  31-Feb.  I. 
Tremors,  more  or  less  continuous  shown  by  B — NS. 
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Feb.  i-io. 

B — EW  groups  of  sinusoidal  waves.  B — NS  nearly 
continuous  tremors.  Motions  of  very  small  am- 
plitude recorded  on  W. 

Feb.  3-4. 
B — 'NS  shows  groups  of  sinusoidal  tremors  with  very 
small  waves  connecting  the  groups. 

Feb.  5-8. 

Stronger.     B — NS  shows  continuous  motion. 

Feb.  8-9. 
Feebler. 

Feb.  Q-io. 

Somewhat  stronger. 

Feb.  13-14. 

Tremors  throughout  day.  best  recorded  by  B— NS 
as  during  all  this  period. 

Feb.  14-15. 

Groups  of  tremors  showing  more  plainly  on  NS 
records. 

Feb.  22-23. 

Groups  of  sinusoidal  tremors.  Motion  nearly  con- 
tinuous on  B — NS. 

Feb.  23-24. 

Continuous  motion  by  B — NS. 

Feb.  24-25. 

Traces  nearly  all  day  B — NS. 

The  amplitudes  of  the  tremors   during  January  and 
February  have  been  small,  scarcely  exceeding  one  or 
two  tenths  of  a  millimeter. 

March  1-2. 

B — EW  a  few  slight  tremors  in  latter  part  of  day, 
B — NS  strong  irregular  tremors  during  the  last 
few  hours.     Effects  are  seen  on  W  records. 

March  2-3. 

B — NS  small  tremors  all  day  with  groups  of  stronger 
irregular  waves. 

March  5-6. 

B — NS  lines  slightly  wavy  all  day. 

March  6-7. 

Same.     Slight  irregularities  shown  by  B — EW'. 

March  7-8. 

Very  slight  slow  motion  indicated  by  B — EW  with 
a  few  groups  of  sinusoidal  waves  of  about  o.i  mm 
amplitude. 

March  9-10. 

B — NS  small  undulations  in  morning,  gradually  dying 
away. 


March  15-18. 
Slight  tremors. 


March  21-22. 

E — NS  microseisms  beginning  between  8  and  9 
o'clock,  qi-iite  strong  for  5  or  6  hours,  continue  all 
day  with  diminished  intensty;  amplitude  0.5  mm, 
occasionally  0.7  mm.  B — EW  shows  waves  of 
0.2  or  0.3  mm  amplitude  during  strongest  period 
on  NS.     Some  evidences  of  action  on  W. 

March  28-29. 

B — EW  small  sinusoidal  waves  throughout  most  of 
day.    Trains  seem  to  assist  pen  to  record. 

March  29-30. 
B — NS  slight  disturbances  throug'hout  the  day. 

March  31-April  i. 

B — NS  feeble  tremors  particularly  in  first  half  of 
day. 

April  1-2. 

Feeble  sinusoidal  microseisms  on   B — NS. 

April  4-7. 
B — NS  lines  slightly  wavy.    Traces  on  W? 

.\pril  30. 

B — EW  irregular  waving  of  the  pen  from  about  6h 
cm  to  30m;  amplitude  o.t  mm  ±.  B — NS  same, 
with  even  smaller  amplitude. 

May  9-1 1. 

\'ery   small   sinusoidal  waves. 

May  17-18. 

B — EW  groups  of  sinusoidal  waves  throughout  the 
day — trains?    B — NS  same  but  weaker. 

May  18-19. 

Small  waves  and  irregularities  throughout  the  day 
on  B  instruments. 

May   19-20. 

Same,  very  slight. 

June  8-17. 
Throughout    this   period    there    are    numerous    well- 
marked  groups  of  sinusoidal  waves  of  period  5  s  ±, 
extending  over  a  minute  or  so.    These  may  be  due 
to  trains. 

July  12. 

B — NS  a  few  irregular  microseisms  from  9h  to  about 
2oh. 

July  28. 

B — NS  slow  microseisms  or  a  feeble  indefinite  shock 
at  oh  15m.  Shown  on  B— EW  with  strongest  mo- 
tion at  oh  iim. 

Sept.  3- 

Microseismic  shock  from  T5h  51m  to  i6h  12m  on 
B — liW;  from  I5h  44ni  to  i6h  17m  on  B — NS. 

Sept.  4-7. 
B — F,W    irregular   microseisms.     Less   conspicuously 
present  on  B — NS. 
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Sept.  14-15. 

Microseisms   of   very   small   amplitude   on    B    instru- 


Sept.  20-23. 
Slow  niicrojeisms  of  very  small  amplitude  on  B — NS. 
with  traces  on  B — EW. 

Sept.  ?o-Oct.   I. 
Some  feeble  irregular  microseisms  on  I!  instruments. 

Oct.   1-5. 

W — EW  shows  occasional  irregular  disturbances. 

Oct.  6-10. 

B — EW  a   few  weak  microseisms. 

Oct.  lo-ii. 

B — NS  sliows  weak  disturbances  similar  to  above. 

Oct.  11-15. 

Small  microseisms  on  B  instruments. 

Oct.  14. 

B — NS  a  maximum  of  slow  waves  of  period  '/^  m 
about  jh  om.  The  waves  are  seen  on  B — -EW  but 
maximum  is  8  or  lom  later. 

Oct.  15-16. 
W'eak  microseisms  of  short  period. 

Oct.  16-17. 
Trains  seem  to  have  an  unusually  strong  effect.   This 
has  been  noticed  on  other  occasions. 

Oct.  16. 

B — NS  shows  slow  irregular  movements  beginning 
about  i5h  and  lasting  for  several  hours.  Less  ex- 
tensively recorded  on  B — 'EW. 

Oct.  I7-:S. 

B — NS  lines  irregularly  wavy  in  small  amplitude  all 
day.    .\  little  of  the  same  seen  on  B — EW. 

Oct.  18- 1  g. 

The  above  dies  away. 

Oct.  22-23. 

Sinusoidal  microseisms  of  period  4  or  5  s  and  ampli- 
tude o.i  mm  are  shown  on  B  instruments,  being 
better  marked  on  B — EW. 

Oct.  23-24. 

B — EW  above  shown:  there  are  larger  waves  (peri- 
od 20  s)  of  amplitude  0.2  mm  beginning  about  8h 
18m  on  Oct.  23,  lasting  for  5  or  6  m.  Traces  of 
same  on  B — NS. 

Nov.  1-3. 

B — NS  and  weaker  on  B — EW  small  rather  irregular 
disturbances  throughout  day.  which  continue  with 
about  the  same  characteristics  until   Nov.   13. 


.Vov.   10. 
Croups  of  waves  shown  as  follows: 

INST.  TIME  PERIOD  A.MPLITUDE 

h  m    m    s       mm. 
B-EW       16  9  to  14 

16  to  20    20       0.2 

20  to  27     ' 
B-XS         18        20-25    0.15 
W— EW        o  to  14 

15  to  2-         23  0.1 

Only  slightest  trace  on  W— NS. 
Nov.  21-22. 
B  instruments  sinusoidal  waves  of  short  period  and 
small   amplitude,   being  stronger  early  in  the  day. 

Nov  22-23. 
Weaker. 

Nov.  23-24. 
Stronger. 

Nov.  24-27. 
Same. 

Nov.  27-28. 
Fainter.     Motion   of   trains   exaggerated   on    B— EW 
showing  waves   12s  long. 

Dec.  3-6. 

Slight  microseisms,  being  very  weak  on  4-5. 

Dec.  5. 
B— EW  regular  sinusoidal  waves  all  day.  Well 
marked  group  of  waves  of  amplitude  0.3  mm  be- 
ginning at  l8h  29.5  m  and  stopping  abruptly  at 
31.0  m. ;  Period  of  waves,  4s.  B — NS  irregular 
sinusoidal  waves  of  0.2  mm  amplitude  begin  at 
i8h  26.4m,  continuing  to  30.2ni  after  which  they 
gradually  die  out.  W— EW  regular  sinusoidal 
waves  from  i8h  29.7m  to  31.1m;  amplitude  0.3 
mm,  period  4-|-s;  beginning  of  disturbance  at  i8h 
21 .7m? 

Dec.  6-12. 

B  instruments  and  W — EW  show  sinusoidal  disturb- 
ances which  arc  stronger  on  8-9. 

Dec.  12-15. 

Small  irregular  waves  on  B--EW  which  arc  stronger 
on  12-13. 

Dec.  15-27. 
Sinusoidal   microseisms   throughout   this   period    B — 
EW,  B— NS,  W— EW.     Strongest  20-21. 

Dec.  27-28. 
B — NS  numerous  groups  of  regular  sinusoidal  waves, 
amplitude  o.l  to  0.4  mm,  period  6s,  with  fainter 
waves  connecting  the  groups.  B — EW  record  im- 
perfect but  similar  waves  shown.  W — EW  similar 
waves,  amplitude  0.2  mm,  period  5s. 

Dec.  28-29. 
B — EW  many  sinusoidal  waves  particularly  in  early 
part  of  day,  amplitude  0.3  mm,  period  5-63.     B — 
NS   same   but   weaker.     Waves   of   smaller   ampli- 
tude shown  on  W  instruments. 


ERRATA 

Page  14,  Column  i,  Line  8:  For  20". 565,  Read  20". 656. 

Other  determinations  are  available  as  follows : 

Urie    2o".699 

Lindsay    2o".yoy 

Dawson    20".634 

Page  34,  Last  line:  For  May  1900,  Read  May  1912. 

Page  41,  Plate  VIII :  For  Cillimator,  Read  Collimator. 

Page  42,  Second  line  of  table:  For  5,700  and  0.79A,  Read  4,000  and  1.12A 
respectively. 

NOTE  ON  SPECTROGRAPH  DESIGN. 

On  page  37  of  this  volume,  column  2,  lines  39  to  42,  Mr.  W.  H.  Wright  is 
mentioned  by  the  author  as  the  designer  of  the  "Southern  Mills  Spectrograph"; 
and  on  page  43,  column  2,  lines  20  to  24,  he  is  named  as  the  inventor  of  the  type 
of  instrument  adapted  to  single-prism  construction  at  the  Allegheny  Observatory, 
These  allusions  to  the  development  of  the  stellar  spectrograph  do  not  take  into 
account  the  important  work  of  Director  W.  W.  Campbell  of  the  Lick  Observatory, 
from  whose  writings  it  is  my  pleasure  to  make  the  following  quotations,  by  which 
any  reference  of  mine  in  this  connection  should  be  superseded. 

"A  three-prism  spectrograph,  constructed  in  our  instrument  shop  from  my 
drawings,  embodied  the  results  of  many  conferences  between  Mr.  Wright  and 
myself."  From  Publications  of  the  Lick  Obsen-atory,  Vol.  IX,  page  6;  under 
title,  "Organization  and  History  of  the  D.  O.  Mills  Expedition  to  the  Southern 
Hemisphere." 

"My  assistant  and  colleague,  Wright,  suggested  that  such  an  instrument 
should  be  supported  near  its  tzvo  ends,  like  a  bridge  truss  or  beam,  in  order  to 
give  minimum  flexure.  Acting  upon  this  suggestion  I  designed  the  supports  of 
the  spectrograph  of  the  D.  O.  Mills  Expedition  to  Chile,  in  1901,  as  shown  in  the 

illustration "    From  Stellar  ^lotions.  Chapter  II,  page  47. 

R.  II.  CURTISS. 
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(46)  Heslia,  Hussey    185 
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Detroit  Observatory,  See  Observatory  of  the  University  of  Michigan. 
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Early  velocity  stars,  Potsdam 81 
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Lamont,  Robert  P. 
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Lathe  and  Shaper  for  Shop 33 
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Latitude  of  the  Observatory   11,  28,  85 

Library    34 

Lindsay,  George  A. 

Observations  of  the  Minor  Planet   (19)  Fortuna 184 

Observations  of  the  Minor  Planet  (46)  Heslia 185 

Observations  of  Comet  1909  a 180 

Longitude  of  the  Observatory  11,    84 

Maia,  Radial  velocity  of  138 

'Measuring  engine   No.   i 51,  140 

Measuring  engine  No.  2 80 

Melujr,  Lewis  L. 

Study  of  the  spark  spectrum  of  titanium 140 

Mkrrill,  Paul  W. 
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Minor  Planets,  See  Asteroids. 

Mitchell,  Walter  M. 

Registration  of  earthquakes  for  1909-11 54 

Registration  of  earthquakes  for  1912 191 

Miscellaneous    Observatory    notes 77 

Nova  Geminorum  No.  2 81 

Observatory  of  the  University  of  Michigan, 

General  account  of  the  Observatory 3 

Miscellaneous    Observatory   notes 77 

Geographical  position    8,  84 

Buildings    11 

Principal  instruments. 

Large   reflecting   telescope    16,  77,  78 

Lamont   24-inch    refractor 7,  81 

Twelve-inch  refractor    12 

Six-inch    refractor    27 

Howell   telescope    81 

PisToR  &  ^L\RTiN''s  Meridian  Circle ; 14 

Three-inch   transit   instrument    28 

Comet   seeker    26 

Clocks  and  chronometers   26 

Spectrograph     37,  77 

Measuring  engines  and  comparator   51,  79,  80,  140 
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Shop     32 

Photometric  plate  holder   79 

Position  of  the  Observatory  8,  84 

Potsdam   early  velocity   stars 81 

Prism,  New  for  spectrograph   77 

Radial  velocity.    See  under  Stars. 

Rossi-FoREL  scale  of  earthquake  intensities 31 

Reflecting  telescope,  The  large 16,  77,  78,  79 

Programs  of  work  with 81 

Photometric  plate  holder  for   79 

Scale  of  earthquake  intensities  31 

Seismographs    28,  62 

Seismoscopes     28 

Shop,  The  Observatory   32 

Silvering  mirrors  at  low  temperatures 83 

Silvering  program  for  large  reflector  22 

Spark  spectrum  of  titanium 140 

Spectrograph,   The   single-prism    37,  77 

Spectrograph,   Xew   prism   for    77 
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PREFACE 

In  plannini;  llic  rcorsaiiiz;iti(iii  of  tliis  r)l)scrvatory  in  1005,  one  of  tlic  ol>jccts 
soiiii'lit  was  to  iirovidc  means  for  modern  astro])liy,si(.-al  investi,i,^'ltions.  To  this  end 
a  larpe  reflecting  telescoiie  of  the  Cassegrain  form,  having  an  aperture  of  37J/2 
inches  and  an  e(|iiivalent  focal  length  of  sixty  feet,  was  designed  and  constructed 
at  the  Observatory  under  my  supervision,  the  optical  parts  having  been  obtained 
from  the  Jolm  A.  Tirashear  Company  of  Pittsburgh.  This  instrument  was  com- 
pleted in  May.  191 1,  and  since  then  it  has  been  used  almost  exclusively  for  photo- 
graphing stellar  spectra  with  a  single-prism  spectrograph.  The  telescope,  spectro- 
graph, and  engines  for  measuring  spectra  have  been  briefly  described  in  the  first 
volume  of  these  Publications,  which  also  contains  some  of  the  first  results  secured 
by  the  aid  of  this  telescope.  More  than  thirty-seven  hundred  spectrograms  have 
now  been  made,  and  with  few  exceptions  they  are  suitable  for  exact  measurement. 
Nearly  all  of  the  papers  of  the  present  volume  are  based  upon  data  obtained  from 
a  small  jjroportion  of  these  spectrograms,  that  is,  from  those  which  have  already 
been  measured  and  discussed.    Other  investigations  are  in  progress. 

The  spectrographic  work  has  been  under  the  immediate  supervision  of  Pro- 
fessor Ralph  H.  Curtiss,  who  designed  the  spectrograph  and  measuring  engines, 
and,  with  Dr.  Merrill,  planned  the  programs  for  work.  Dr.  Curtiss  has  also  pre- 
pared the  enlarged  spectra,  which  arc  used  as  illustrations  in  this  volume. 

WiLU.XM   J.   HUSSEY. 

Ann  Arbor,  November,  1916. 
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STUDIES  OF  CLASS  B  STELLAR  SPECTRA   CONTAINING 
EMISSION  LINES 

THE  SPECTRUM  OF  y  CASSIOPEIAE 

By  RALPH  H.  CURIISS 


INTKOUUCTIOX. 

Iiiimcdiatcl}'  after  the  375<3-liicli  Reflector  of 
tliis  Obsu'rvatory  was  completed  in  May,  lyii,  a 
program  of  observation  of  bright  Hne  stellar 
spectra  of  Class  B  was  begun  with  a  single-prism 
spectrograph  attached  to  this  telescope.  This 
program  was  in  continuation  of  a  study  of 
spectra  of  this  particular  group,  inaugurated  by 
tiie  writer  in  1906,  in  coiniection  with  a  detailed 
investigation  of  the  spectrum  of  /?  Lyrse.  At  the 
present  time  several  hundred  plates  have  been 
made  on  this  program,  including  short  lists  of 
plates  on  a  number  of  stars  and  long  series  on 
several  typical  objects. 

The  apparatus  used  in  connection  with  this 
program  has  been  described  fully  in  earlier 
papers  in  this  Publication.^  It  is  interesting  to 
note  here  that  the  dispersion  of  the  spectrograph 
em])loyed  in  this  work  is  only  a  little  greater  than 
that  of  the  Mellon  Spectrograph  with  which  the 
stud)-  of  (3  Lyr?e,  mentioned  above,  was  carried 
on.  The  spectra  made  with  the  two  instriniients 
are  thus  readily  comparable. 

The  historical  importance  of  the  problem  of  y 
Cassioi)eije,  as  well  as  the  relative  brightness  of 
the  total  light  of  this  star,  suggested  the  advisa- 
bility of  a  detailed  study  of  its  spectrum.  The 
choice  of  this  spectrum  for  early  investigation 
followed  logically  in  view  of  the  relatively  simple 
character  of  its  observed  features.  It  was  hoped 
that  the  analysis  of  this  simpler  spectrum  would 
assist  in  the  study  of  more  complicated  cases 
whose  complex  spectral  features,  sometimes 
associated  with  remarkable  light  variations,  have 
made  the  jiroblem  of  these  stars  a  classic  one. 

GENERAL   DATA. 

The  star,  y   Cassiopeiae    (H.   R.   P.    No.   264, 
a  1900.0  =  o  hr.  50.7  min.,  8  igoo.o  =  -|-  60°  11') 
*  Detroit  Observatory  Piihlieations,  Vol.  I,  page  27- 


is  assigned  a  visual  magnitude  of  2.25,  without 
certain  evidence  of  light  variation.  The  inte- 
grated light  impresses  the  eye  as  pure  white. 
This  star  lies  in  the  Milky  Way ;  it  has  no  meas- 
urable i)aralla.\;  it  was  found  by  ISoss  in  his 
General  Catalogue  of  6188  Stars  to  have  a  proper 
motion  of  -f-  o^oo4o  in  right  ascension  and  of 
—  o".oo2  in  declination.  Apparently  then  this 
star  is  very  distant ;  and  its  volume  and  absolute 
magnitude  must  be  relatively  great. 

THE   SPECTRUM. 

Classificalioii.  The  spectra  of  the  stars  of  the 
sub-group  to  which  y  Cassiopeias  belongs  are  as- 
signed almost  exclusively  to  "Class  B  and  Class 
A  peculiar,"  or  to  Class  B  and  Class  A  with 
bright  lines.  The  distinguishing  characteristic 
of  this  sub-group  seems  to  be  the  presence  in  the 
spectra  of  one  or  more  hydrogen  lines  of  the 
Iluggins  series  in  which  emission  is  strong 
enough  to  be  observed.  The  other  lines  in  the 
spectrum  may  be  bright,  dark,  or  neutral,  but  the 
Orion  lines  outside  of  the  Huggins  series  of 
hydrogen  are  nearly  always  dark. 

Within  this  sub-group  there  are  variations 
similar  to  those  existing  within  the  normal  Class 
B  and  Class  A  divisions.  The  relative  strength 
of  critical  lines  of  Class  B  spectra,  such  as  A  4686, 
the  t  Puppis  series  of  hydrogen,  and  the  silicon 
and  nitrogen  lines  near  HS,  indicates  affiliation 
with  Class  Bo  in  some  .cases,  while  the  weakness 
or  absence  of  these  lines  with  the  relative 
strengthening  of  the  lines  of  the  metals  indicates 
development  into  Class  A  in  other  cases.  Indeed 
emission  lines  of  the  type  characteristic  of  these 
spectra  are  observed  in  two  Class  F  spectra  and 
perhaps  in  Class  G. 

A  knowledge  of  the  distribution  of  the  known 
bright  line  spectra  of  this  sub-group  among  the 
various  divisions  of  the  Draper  classification  mav 
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be  gained  by  a  count  of  the  stars  in  Table  I\', 
page  182,  Volume  56,  of  the  Harvard  Annals 
and  of  eight  additional  stars  in  a  table  by  Merrill.- 
Such  a  count  leads  to  the  following  results : 

TABLE  I.    DISTRIBUTION  OF  SPECTRA  OF 

CLASSES  B  TO  F  CONTAINING 

BRIGHT  LINES. 


NUMDKROF  STARS 


B     to  B2 

19 

B3  to  B5 

43 

B6  to  B8 

6 

B9  to  Ao 

-'9 

A I  to  A4 

I 

A5  to  A/ 

I 

A8  to  Fo 

2 

Evidently  these  stars,  so  far  as  present  discov- 
eries go,  tend  strongly  to  group  within  the  B 
division  of  the  Draper  classification  and  are 
rarely  found  outside  of  the  interval,  B  to  Ao. 
Possibly  the  preponderance  of  Class  B  spectra 
among  discoveries  in  this  sub-group  finds  ex- 
planation in  the  fact  brought  out  in  the  next 
paragraph. 

It  is  evident  also  that  the  total  light  of  these 
stars,  so  far  as  known,  is  stronger  on  the  average 
the  more  nearly  their  spectra  conform  to  that  of 
Class  Bo.  Thus,  the  average  B.D.  magnitude 
of  fifty-six  of  these  stars  in  the  Harvard  table, 
of  spectral  classes,  Bo  to  B5,  is  5.3.  whereas  this 
average  magnitude  for  the  twenty-eight  stars  of 
Classes  B8  to  A2  is  8.1. 

Though  the  presence  of  emission  lines  is  dis- 
tinctive of  this  sub-group,  the  strength  of  the 
emission  lines  relatively  to  the  continuous  spec- 
trum seems  not  to  be  clearly  dependent  upon  the 
so-called  effective  age  of  the  star.  Doctor  P.  W. 
IMerrill's  study-  of  many  of  the  spectra  in  this 
sub-group  in  Class  B  throws  light  on  this  point. 
Thus,  in  his  y  Cassiopeise  and  <^  Persei  groups  of 
seventeen  stars,  in  which  the  hydrogen  emission 
lines  are  strongest,  the  average  spectrum  is  rated 
at  Harvard  as  B3.1,  whereas  in  his  b"  Cygni  and 
Electra  groups  of  twenty-one  stars,  in  which  this 
emission  is  weaker,  the  average  spectrum  has 
essentially  the  same  rating,  or  B3.3.    This  point 

'  Licit  Observatory  BulUtins,  Vol.  VII,  page  162. 


may  be  brought  out  in  a  more  striking  manner  if 
we  assign  intensity  3  to  the  hydrogen  lines  in  the 
7  Cassiopeiae  and  ^  Persei  groups,  intensity  2  to 
these  lines  in  the  b-  Cygni  group,  and  intensity 
I  in  the  Electra  group,  determining  on  this  basis 
the  average  strength  of  the  hydrogen  emission 
lines  for  spectra  in  the  subdk'islons  of  Class  B. 
The  results  obtained  in  this  way  for  thirty-eight 
stars  are  given  in  Table  la.  They  do  not  bear 
evidence  of  a  connection  between  strength  of 
hydrogen  eiuission  and  spectral  class  within  the 
B  division. 

TABLE    la.    VARIATION    IN    INTENSITY    AND 

NUMBER  OF  HYDROGEN  EMISSION 

LINES  WITH  SPECTRAL  CLASS. 


INTENSITY 

NO.  OF 

OF 

HYDROGEN 

NUMBER 

CI..\SS 

HYDROGEN 

EMISSION 

OF 

EMISSION 

LINES 

STARS 

Bo  to  Bi 

2.7 

3-4 

8 

B2 

2.2 

2.9 

II 

E3 

2.6 

2.9 

29 

B4  to  B5 

2.0 

2.6 

14 

B8 

2.5 

2.3 

6 

Ao 

— 

3.2 

29 

A2  to  F 

— 

4 

It  is  interesting  also  to  consider  whether  there 
is  any  connection  between  spectral  class  and  the 
number  of  hydrogen  emission  lines  visible  in 
stellar  spectra  of  this  sub-group,  especially  in 
view  of  the  fact  that  in  general  the  total  strength 
of  these  emission  lines  is  found  to  increase  with 
their  number.  Referring  to  the  lOi  stars  of 
Table  I,  we  find  for  those  having  hydrogen 
emission  lines  from  Ha  to  Pie  and  H^,  an  average 
spectral  class  of  B3.0 ;  for  those  to  H8,  B7.4 ;  for 
those  to  Hy,  B5.0;  for  those  to  H;8,  65.9;  and 
for  one  with  Pla  only,  B5.  Or,  again,  if  it  be 
permitted  to  take  averages  to  tenths  of  numbers 
of  emission  lines,  the  data  in  column  three  of 
Table  la  may  be  obtained  for  the  loi  stars  of 
Table  I,  showing  the  average  number  of  hydro- 
gen emission  lines  found  in  the  spectra  of  these 
stars  within  subdivisions  of  Classes  B  to  F.  The 
data  for  these  averages  are  taken  from  Table  IV, 
page  182,  ^^olume  56,  Harvard  Annals,  with  ad- 
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dilioiis  Ixiscd  on  recent  results.  So  far  as  these 
data  go,  there  appears  to  be  httle  or  no  connec- 
tion between  intensity  or  number  of  hydrocjen 
emission  lines  and  ac'era[ie  spectral  class;  noth- 
ing to  indicate  from  tiiis  point  of  view  that  this 
sub-group  of  spectra  terminates  in  reality  with 
Class  K.  Indeed,  on  the  basis  of  the  facts  so 
far  known,  the  conclusion  is  suggested  that  the 
extension  of  spectral  surveys  to  fainter  objects 
may  result  in  the  discovery  of  many  new  mem- 
bers of  this  sub-group  with  spectra  of  Classes  A 
and  F  and  possibly  of  Class  G. 

The  metallic  lines  in  these  spectra,  if  present, 
may  be  bright  or  dark,  both  types  occurring  in 
some  cases  in  the  same  spectrum.  Sherman^  and 
Merrill-  have  pointed  out  that  the  metallic  bright 
lines  corresjjond  to  strong  chromospheric  emis- 
sion in  a  number  of  cases,  and  Baxandall-'  called 
attention  to  the  dominance  of  iron  emission  in 
them. 

It  is  of  interest  to  inquire  whether  the  occur- 
rence of  these  chromospheric  lines  is  in  any  way 
associated  with  spectral  class.  In  this  connection 
we  find  that  the  mean  Harvard  classification  of 
eleven  spectra  in  which  ]\Ierrill  has  found  these 
bright  metallic  lines  is  B2.5,  only  one  having  a 
spectrum  later  than  B3,  whereas  the  mean  classi- 
fication of  thirty-eight  of  these  spectra  examined 
by  Merrill  (six  not  classified  by  Merrill  are 
excluded)  is  B3.2.  That  the  spectra  of  these 
eleven  stars  average  nearer  to  Class  Bo  than 
does  the  mean  spectrum  of  Merrill's  list,  and  that 
ten  of  these  stars  have  spectra  classed  as  B3  or 
earlier  on  the  basis  of  the  Orion  lines,  indicate 
that  the  metallic  emission  lines  tend  to  appear  in 
these  spectra  only  under  conditions  thought  to 
characterize  stars  in  the  earlier  stages  of  develop- 
ment. Apparently,  also,  when  these  lines  occur, 
they  tend  to  be  stronger  when  the  hydrogen 
emission  is  stronger. 

Characteristics  Historically  Considered.  Sec- 
chi,  at  the  verj'  beginning  of  his  work  on  stellar 
spectra,  noticed  emission  lines  in  the  light  of  -/ 
Cassiopeise.  In  the  Astronomische  Nachrichten 
Xo.  1612.  under  date  of  1866,  August  23,  he 
states  that  the  spectrum  of  this  star  has  a  bright 
line  at  H/3,  and  several  others  too  faint  to  meas- 

'  American  Journal  of  Science.  Vol.  30,  Dec,  1885. 
Astronomisclic  Nachrichten,  \o\.  113.  page  311. 


urc.  in  a  report  published  I'cbruary  8,  1867. 
lluggins  announces  his  identification  of  I  la,  as 
well  as  Wfi,  as  a  bright  line  and  also  his  observa- 
tion of  some  dark  lines  of  absorption  in  this 
s[)cctrum.°  Later  both  Secchi  and  lluggins  saw 
D3  emission  in  y  Cassiopeiie  in  addition  to  that 
of  ll«andlltt.* 

N'ogel,  on  June  18,  1872,  observed  11/3  and  U, 
as  emission  lines  and  saw  also  an  absorption  band 
in  the  red,  but,  though  he  examined  carefully  the 
red  end  of  the  spectrum,  the  Ha  line  was  not 
visible." 

\'on  Konkoly  examined  the  spectra  of  y  Cas- 
siopeia and  /?  Lyr.-E  repeatedly,  between  1874 
and  1S83,  without  seeing  bright  lines,  and  in 
1882,  von  Kove.sligethy  was  equally  unsuccess- 
ful ;  von  Gothard  observed  both  of  these  stars 
frequently  after  the  autumn  of  1881,  but  saw  no 
trace  of  bright  lines  until  a  night  quite  unfavor- 
able for  observing  in  1883,  when,  according  to 
his  record,  on  August  13  of  that  year,  he  saw 
bright  Ha  and  the  absorption  band  at  A  633/1/a  in 
the  spectrum  of  y  Cassiopeise.' 

During  this  same  period  (from  1874  to  1883) 
Copeland  records  a  bright  line  well  .seen  at  about 
the  place  of  H/3  in  this  spectrum  and  another 
emission  line  at  about  A  477 /t/x,  on  October  28, 
1877,  when  there  is  no  record  of  an  examination 
of  the  Ha  region;  and,  on  December  20,  1879, 
Lord  Crawford,  J.  G.  Lohse  and  Copeland  saw 
Ha  "superbly  visible"  with  a  spectroscope  separ- 
ating the  D  lines. * 

The  Greenwich  record  of  observations  of  the 
HS  emission  line  during  this  period,  made  with 
a  half-prism  spectroscope  attached  to  the  12.8- 
Inch  Refractor,  is  as  follows:  1880,  October  i. 
Brilliant  against  background  of  continuous  spec- 
trum. Broad  and  diffuse  at  edges.  Central  con- 
densation. November  21.  Bright.  1881,  De- 
cember 7.  Diflicult  to  measure.  Absence  of 
mention  of  emission  lines.  D3  and  Ha,  does  not 
imply  their  extinction,  for  these  observations 
were  made  on  the  H/8  line  for  the  measurement 

*  Sttgli  Sfcttri  Prismatic!  dclle  Stelle  Fisse,  Mem.  I, 
page  10;  Mem.  II,  page  62. 
'Monthly  Notices,  Vol.  27,  page  131. 
'  Bothkamp  Beobactnngen,  Heft  II,  page  29. 
^Astronomische  Nachrichten,  Vol.  106,  page  293. 
'  Monthly  Notices,  Vol.  47.  page  92. 
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of  radial  velocity  and  D.,  and  Ha  were  not  looked 
for.'-' 

On  August  20,  1883,  one  week  after  his  dis- 
covery of  the  possible  revival  of  intensity  of  Ha 
in  y  Cassiopeia,  von  Gothard  renewed  his  obser- 
vations, notwithstanding  unfavorable  atmospheric 
conditions,  and,  with  a  small  slit  spectroscope 
with  half  prism  of  low  dispersion,  obtained  ap- 
jiroximate  wave-lengths  and  intensities  of  the 
bright  lines.  Ha,  D„  and  Hj8,  and  of  the  dark 
band  at  A  633  /jl/i.  Ha  had  the  greatest  intensity 
and  appeared,  with  a  small  ocular  spectroscope 
by  Zollner,  as  a  sharp  brilliant  line.  H/S  was 
more  difficult  to  see  and  D^  could  be  observed 
only  a  few  times  when  the  seeing  was  especially 
good.  The  relative  intensities  of  Ha,  Dg,  and 
H^  were  expressed  by  the  numbers,  5,  i,  and  2 
respectively.  There  was  no  question  as  to  the 
reality  of  the  observed  phenomena  on  this  date, 
but  von  Gothard  seemed  to  have  had  misgivings 
as  to  the  reliability  of  his  observations  of  bright 
Ho  on  August  13.  for  in  a  letter  received  by  von 
Konkoly,  on  August  22,  he  qualified  his  an- 
nouncement of  the  discovery  by  stating  that,  on 
account  of  the  unfavorable  atmospheric  condi- 
tions, the  line  might  have  been  merely  a  subjec- 
tive phenomenon,  caused  by  contrast  with  a  dark 
band  more  refrangible  than  Ha. 

On  the  evening  of  the  receipt  of  von  Gothard's 
announcement,  von  Konkoly  observed  the  star  at 
O'Gyalla,  first  with  the  dispersion  of  a  train  of 
three  prisms  of  the  Zollner  eye-piece  spectro- 
scope with  a  cylindrical  lens  in  the  optical  train. 
The  Ha  line  appeared  zrry  faint.  But,  when  two 
trains  of  prisms  were  used,  without  the  cylindri- 
cal lens,  Ha  was  seen  as  an  exceedingly  bright 
knot  in  the  narrower  thread  of  continuous  spec- 
trum and  a  much  fainter  H;8  was  noticed.  On 
the  same  evening,  with  a  little  slit  spectroscope 
equipped  with  one  60'  prism.  Ha  was  observed 
again  and  compared  with  the  Geissler  tube  spec- 
trum of  hydrogen,  but  H;8  was  too  faint  to  be 
seen  under  these  circumstances.  A  strong  ab- 
sorption band  was  seen  to  border  Ha  sharply  on 
its  more  refrangible  side,  and.  on  the  less  re- 
frangible side,  another  Ijroad  absorption  line  was 
suspected.'" 

'  Miiiithty  Nolifcs,  Yo].  49,  page  300. 


On  August  24,  25  and  26,  at  the  Astrophysical 
Observatory  in  Hereny,  von  Gothard,  von  Kon- 
koly, and  von  Than  saw  Ha  and  H^  very  well 
and  D3  less  easily,  with  a  Zollner  eye-piece  spec- 
troscope of  relatively  high  dispersion  attached 
to  the  103^-inch  Browning  reflector.  \'on  Kon- 
koly, in  his  ow^n  account  of  the  observations  of 
the  twenty-sixth,  when  the  air  was  very  clear 
and  steady,  states  that  the  red  line  was  exceed- 
ingly bright;  D3  and  H^  emission  were  well 
defined;  and  bright  Hy  was  seen.  The  dark 
absorption  band  more  refrangible  than  Ha  was 
very  distinctly  defined  and  assurance  was  felt 
that  the  line  somewhat  less  refrangible  than  Hu 
was  not  an  effect  of  contrast.'" 

On  the  following  night,  August  2j.  von  Kon- 
koly availed  himself  of  the  superior  power  of 
the  27-Inch  Refractor  at  Menna,  using  his  own 
Zollner  eye-piece  spectroscope  with  two  trains 
of  three  prisms  each,  without  a  cylindrical  lens. 
Ha  appeared  as  a  knot  of  light  of  dazzling  bril- 
liance ;  D3,  H/3  and  Hy  were  fainter.  The  broad 
absorption  band,  a  little  more  refrangible  than 
Ha,  was  complex  and  exceedingly  strong.  The 
absorption  band  on  the  other  side  of  Ha  had  an 
undoubtedly  real  existence.  The  presence  of 
dark  D  and  b  lines  could  be  positively  asserted, 
though  they  were  very  faint.  There  was  absorp- 
tion also  on  the  more  refrangible  side  of  Hy. 
These  characteristics  are  brought  out  in  sketches 
of  y  Cassiopeije's  spectruiu  in  \'olume  \  I,  of  the 
O'Gyalla  Publications. 

On  September  i,  1883,  von  Gothard  saw  in- 
tense Ha  and  H;8  emission,  also  Hy  and  dark  D 
but  no  D-.  Later  neither  D  nor  D3  was  visible. 
Between  September  23  and  November  23,  the 
Ho,  Hp  and  Hy  emission  lines  were  observed  and 
also  dark  lines  of  the  b  group.  D3  continued 
invisible.  Measures  of  the  bright  H/3  line  yielded 
a  wave-length  of  4871A." 

In  this  same  period  H/3  was  easily  seen  at 
Greenwich.  But  during  the  following  year 
there  was  evidence  of  continued  or  renewed 
variability.  The  Greenwich  observations  of 'H/3 
emission  in  1884  were:   August  11  and  25,  faint; 

'"  Astronomische  Nachrichtcii.  Vol.  107.  page  61. 

Observatory,  Vol.  6,  page  332. 

O  Gyalla  Bcobachtungen,  Vol.  8,  page  5. 
"Astronomische  Nachrichfeii,  Vol.  108.  page  237. 
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Scptciulicr  4,  vcr\-  f;iiiU ;  September  lo,  Ijarcly 
visible;  September  1 1,  measurable;  September  18, 
very  faint;  September  20,  faint,  sharp,  well  de- 
lined  at  edges.  These  observations  were  made 
with  a  half-[>risni  sj)cctroscope  attached  to  the 
12.8-lnch  Refractor.'-' 

In  November,  1885,  O.  T.  Sherman  announced 
the  results  of  his  studies  of  the  spectrum  of  y 
Cassiopeiie  with  the  8-Inch  Refractor  of  the  Yale 
College  Observatory.  The  spectroscope  was  a 
direct  vision  instrument  with  a  collimator  si.x 
inches  long  and  two  trains  of  prisms  of  three 
pieces  each.  In  observing  a  star  spectrum  the  slit 
was  opened  to  5  mm.  making  the  star  image  and 
not  the  slit  the  source  of  light.  Under  these 
circumstances  only  rough  wave-lengths  could  be 
determined  and  the  difficulty  of  observation  of 
lines  at  the  ends  of  the  visible  spectrum  jnust 
have  been  great.  Nevertheless,  Sherman  gives 
us  in  addition  to  the  hydrogen  lines  the  wave- 
lengths of  eleven  emission  and  six  absorption 
lines  in  this  star  (not  including  Dj  and  D.), 
fourteen  or  fifteen  of  which  can  be  identified 
with  spectral  features  now  well  substantiated. 
As  shown  in  column  one  of  Table  I\',  where  his 
wave-lengths  are  given,  Sherman  observed 
bright  Ha,  D3,  Hj8,  Hy,  and  H8  and  also  several 
emission  lines  of  iron.  He  compared  these 
emission  lines  with  Young"s  chromospheric  lines 
and  reached  the  important  conclusion  that  the 
number  of  coincidences  rendered  it  extremely 
prol)able  that  the  lines  observed  were  those  of 
the  solar  atmosphere.'''  The  intensity  of  D,  was 
not  specified  but  since  it  was  used  in  determina- 
tion of  wave-lengths  it  was  probably  clearly 
visible. 

Observed  at  Dun  Echt  on  September  3,  1885, 
with  the  15-Inch  Refractor,  Ha  was  very  bright. 
H^  just  measurable,  while  D,  could  not  be  made 
out  with  certainty.  At  the  same  observatory,  on 
January  11,  1887.  Ha  was  extremely  bright.'* 
Observed  frequently  at  Kensington,  between 
1886  and  1894,  the  Ha  and  H/8  emission  lines 
were  always  visible.  On  all  but  the  third  of  four 
dates     specifically    mentioned     (September     18, 

"  Monthly  Notices,  Vol.  49,  page  300. 
"  See  reference  No.  3. 

"-''  Pr.uccdings,  Royal  Society  of  Loudon.  Vol.  57, 
page  174. 


October  13  and  24,  i88(j;  (Jct(jljfr  ji,  181^4)  I),, 
emission  was  al.so  noted.''' 

Jn  the  summer  of  1889,  Keeler  examined  the 
spectrum  of  7  Cassiopciie  frequently  with  a 
small  spectroscope  attached  to  the  36-lnch  Tele- 
scope of  the  Lick  Observatory  and  observed 
many  details  but  no  changes  in  its  spectrum.  1  la 
and  11/8  were  brilliant,  narrow  and  sharp;  i  ly 
was  seen  with  some  difficulty.  Alternations  of 
intensity  in  the  green  could  be  interpreted  as 
bright  or  dark  lines.  Keeler  seemed  to  favor  the 
view  that  they  were  dark  lines,  the  more  promi- 
nent of  which  were  identified  with  the  b  gronj). 
A  fairly  prominent  dark  band  or  group  of  lines 
was  observed  nearer  to  Ha  than  the  estimated 
position  of  D,  but  no  trace  of  bright  or  dark  lines 
could  be  seen  in  the  vicinity  of  D  although  brigiit 
D3  was  observed  at  Kensington  on  September  18 
and  October  13  of  that  year.'"  Later,  at  Alle- 
gheny, Keeler  succeeded  in  photographing  dark 
lines  in  the  spectrum  of  y  Cassio])ei;e.'" 

In  the  meantime,  in  1887  and  1888.  at  (.reen- 
wich,  the  bright  lines.  Ha,  D^  and  H/?,  were  .seen 
apparently  to  continue  their  variations.  Thus,  in 
1887,  Ha  was  not  seen  while  H/J  was  vcr\  distinct 
on  February  16,  w^hereas.  on  December  5,  Ha  was 
brilliant  and  H/8  was  faint.  Eleven  days  later 
Ha  was  not  seen  with  the  cylindrical  lens  in 
place  before  the  slit  but  was  distinctly  seen  with- 
out the  cylindrical  lens.  And  on  the  same  night. 
H/3  appeared  faint  with  the  cylindrical  lens  and 
was  not  seen  without  it.  In  1888,  September  19, 
with  and  without  the  cylindrical  lens  Ha  was 
'■ery  bright  and  Hj8  was  rather  faint.  These 
observations  were  made  with  the  single  prism 
instrument  mentioned  above.  On  four  dates  in 
these  two  years  there  are  records  of  observations 
with  the  half  prism  spectroscopes,  giving  much 
greater  linear  scale.  In  general  these  observa- 
tions also  indicate  continued  variation  of  the  Hj8 
line.  Rut  care  was  necessary  in  the  interpreta- 
tion of  results  for  on  February  16,  1887,  the  H/3 
line  was  very  distinct  with  low  dispersion,  but 
was  z'ery  faint  and  narroxc  with  four  fold  greater 
power.    On  December  16  of  the  same  year,  when 

"  Publications  of  tlic  Astronomical  Society  of  the 
Pacitic.  Vol.  i.  page  80. 

^'  .'^clieiner's  Astronomical  Sfiectroscrl>y.  Frost's  trans- 
Intion.  page  2.}9. 
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instruments  of  high  and  low  linear  dispersion 
were  used  again,  the  results  were  accordant. 
Only  on  September  19,  1888,  was  D3  seen  and 
then  as  a  faint  emission  line.  Undoubtedly  with 
attempted  allowance  for  instrumental  differences, 
Maunder  considered  that  the  Greenwich  observa- 
tions from  18S0  to  1888  appeared  to  show:  that 
the  bright  lines.  Ha,  D3,  and  H/3,  in  y  Cassiopeias 
varied,  but  not  simultaneously  nor  similarly ;  that 
either  Ha  or  Hfi  was  the  most  conspicuous  line  in 
the  spectrum.^* 

In  the  Draper  Catalogue,  issued  in  1890,  ten 
photographic  records  of  the  spectrum  of  this 
star  are  listed.  Except  in  three  cases  where  the 
image  was  too  dense  or  too  near  the  edge  of  the 
plate,  H/3  was  registered  as  a  bright  line. 

In  connection  with  a  study  of  (3  Lyrse,  Belopol- 
sky  reported  the  absence  of  D3  from  three 
spectrograms  of  y  Cassiopeise  made  in  1892.  But 
I!elopolsk3'"s  plates  were  probably  not  sensitive 
enough  in  this  region  to  show  any  but  the  bright- 
er lines." 

On  November  19,  1894,  J-  N.  Lockyer  re- 
ported the  results  of  his  preliminary  studies  of 
53  spectrograms  of  y  Cassiopeiae,  distributed  be- 
tween the  dates,  1888,  November  20,  and  1894, 
November  16.  His  deductions  may  be  summar- 
ized as  follows :  ( I )  Bright  HfS,  Hy,  and  HS  are 
constantly  seen  in  the  Kensington  photographs; 
He  and  H^  appear  when  the  photographic  condi- 
tions have  been  good.  (2)  Additional  lines,  for 
the  most  part  ill-defined,  appear  on  all  good 
negatives.  (3)  During  the  period  covered  by  the 
photographs,  there  is  no  evidence  of  any  change 
in  the  intensities  of  the  principal  bright  lines. 
(4)  The  bright  lines  of  hydrogen  are  double  on 
all  of  the  photographs  taken  with  sufficient  dis- 
persion. (5)  There  is  no  evidence  of  (great) 
orbital  motion  from  May,  1892  to  November, 
1894.  (6)  Assuming  the  presence  of  two  sources 
of  bright  hydrogen  lines,  the  relative  velocity  in 
the  line  of  sight  is  115  miles  per  second.  (7)  The 
bright  lines  of  hydrogen  are  superposed  upon 
broad  dark  bands.  (8)  Besides  the  dark  bands 
in  the  positions  of  the  hydrogen  lines  there  are 
other  ill-defined  dark  lines.  (9)  The  dark  lines 
in  the  spectrum  of  y  Cassiopeiae  correspond  very 

"  See  reference  No.  9. 

'*  Astronomy  and  Astrophysics,  Vol.  12,  page  259. 


closely  with  the  lines   seen  in  the  spectrum  of 
t  and  y  Orionis.'^ 

In  a  paper-"  dated  June  28,  1894,  appearing 
late  in  1895,  Campbell  refers  to  certain  striking 
facts  attested  by  his  spectrograms.  He  found 
the  hydrogen  emission  lines  to  decrease  rapidly 
in  intensity  in  succession  toward  the  violet  and 
to  be  situated  within  broad  dark  lines.  Partially 
dark  lines  were  observed  in  other  parts  of  the 
spectrum.  Further,  on  copies  of  Harvard  photo- 
graphs he  noted  many  dark  lines  and  observed 
that  the  broad  dark  hydrogen  lines  increase  in 
intensity  as  they  decrease  in  wave-length. 

In  her  detailed  discussion  of  the  spectra  of 
bright  stars,  begun  in  1888,  and  published  in 
1897  {Harvard  Annals,  \'olume  28,  Part  I), 
Miss  Maury  has  made  a  careful  analysis  of  the 
spectrum  of  y  Cassiopeiae.  In  describing  a  re- 
markable spectrogram,  taken  November  23,  1892, 
and  reproduced  near  the  end  of  \'olume  28  of 
tiie  Harvard  Annals,  she  characterized  the  hydro- 
gen lines  as  doubly  reversed,  calling  attention  in 
this  connection  to  Jewell's  observation  of  com- 
plex reversals  in  solar  lines.  She  noted  also,  as 
did  Campbell,  the  diminution  of  intensity  in  each 
succeeding  hydrogen  line  of  shorter  wave-length, 
He  being  nearly  neutral  and  the  lines  of  this 
element  beyond  H^  without  visible  bright  com- 
ponents. At  the  same  time  the  broad  underlying 
dark  band  and  the  narrow  dark  reversal  became 
more  conspicuous  so  far  as  observed.  Other 
bright  lines  beside  those  of  hydrogen  were  seen 
in  the  spectrum.  The  strongest  of  these,  at  A 
5023,  was  erroneously  identified  as  an  Orion 
line.  The  wave-lengths  of  a  number  of  dark 
Orion  lines  were  determined  and  these,  with 
similar  data  for  a  number  of  emission  lines,  are 
found  in  column  two  of  Table  IV  of  this  paper. 
Miss  Maury  states  further  that  AA  5015.73  and 
5047.82  of  helium  are  clearly  reversed  in  y  Cas- 
siopeia and  that  XX  4026.4,  4387.8  and  4144.0 
and  possibly  XX  4471.8  and  4009.5  are  suspected 
of  having  central  narrow  reversals."' 

In  the  Monthly  Notices  for  January,  1896, 
II.  F.  Newall  reports  the  doubleness  of  Hy  and 
Hy8  clearly  seen  with  a  single-prism  spectrograph. 

"  Astrophysical  Journal,  Vol.  2,  page  177. 
^Harvard  Annals,  Vol.  28,  page  100  et  seq. 
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In  May,  iSijij,  Sidgrciurs  iiiilili^hcil  an  cxtcn- 
si\c  note  un  Uic  S))cclruni  of  y  Cassiopciic,  IkisccI 
on  photograplis  distributed  over  a  period  of 
eight  years.  There  were  fifty-two  plates,  of 
which  half  were  made  with  an  eight-inch  glass 
and  half  with  the  I'erry  Memorial  Objective  of 
fifteen  inches  ai)erture.  AN'avc-lengths  and  in- 
tensities of  a  number  of  bright  and  dark  lines 
between  II«  and  A  5576,  measured  by  Sidgreaves, 
are  given  in  Table  IV  of  this  paper.  Zero  in- 
tensity for  a  radiation  line  indicates  an  intensity 
ecjual  to  that  of  the  neighboring  continuous  spec- 
trum. Sidgreaves  measured  a  number  of  faint 
bright  lines  in  addition  to  the  hydrogen  series  and 
identified  the  group  at  A  5170  with  magnesium. 
The  identity  of  the  helium  dark  lines  was  also 
brought  out.  This  investigator  found  no  signs 
of  variation  of  the  hydrogen  lines  during  the 
period  of  eight  years  covered  by  his  observations, 
but  he  did  suspect  changes  in  the  faint  metallic 
emission  lines,  especially  at  AA  4586  and  5020.-- 

In  Lick  Observatory  Bulletins,  Numbers  237 
and  246,  ^lerrill  gave  brief  descriptions  of  re- 
sults obtained  from  28  plates  of  various  parts  of 
this  spectrum,  made  between  1896  and  1913.  with 
six  different  spectrographs  attached  to  the  36- 
Inch  Refractor  of  the  Lick  Observatory.  On 
low  dispersion  plates  of  1912,  numerous  faint 
emission  lines  and  broad  poor  dark  lines  were 
recorded.  Faint  but  mimistakable  D^  emission 
was  noted.  Ha  under  high  dispersion  did  not 
appear  clearly  reversed.  Photometric  intensity 
curves  of  the  Ha,  H/3,  and  Hy  lines  brought  out 
in  detail  the  structure  of  these  lines  in  harmony 
with  and  in  extension  of  published  descriptions. 
Polarization  tests  of  PI/S  led  to  no  positive  con- 
.  elusions.  The  series  contained  no  internal  evi- 
dence of  spectral  variation. 

In  1914,  Baxandall  reported  the  results  of 
studies  of  the  Kensington  plates,  including  many 
which  had  been  made  since  1894.  With  the  aid 
of  comparisons  with  spectra  of  other  stars,  an 
extensive  table  of  wave-lengths  of  dark  lines  in 
the  spectrum  of  y  Cassiopeia;  was  prepared.  (See 
column  five.  Table  IV.)  There  was  distinct 
evidence  that  the  chief  bright  lines  other  than 
those  of  hydrogen  were  identifiable  with  the  en- 
hanced lines  of  various  metals,  iron  predominat- 

-' Moiitlily  A'oticcs,  Vol.  59,  page  505. 


ing.  .\ii  intercomparison  of  the  best  oi  the  plates 
obtained  since  1894  showed  that  there  were  no 
delinite  changes  in  the  spectrum  on  different 
dales.-'' 

The  Ann  .Vilxir  spectrograms  are  discussed 
below.  It  is  appropriate  to  note  here  that  they 
bring  out  the  close  qualitative  correspondence  of 
the  features  of  this  spectrum  in  the  years,  1911 
to  1915,  with  those  of  photographic  observations 
reported  by  Lockyer,  Campbell,  Miss  Maury, 
Sidgreaves,  Merrill,  and  liaxandall,  and  further 
that  they  register  no  intensity  variations  in  the 
spectral  lines  not  accounted  for  by  uncertainties 
of  photograjjliic  contrast. 

Spectral  1  'ariations.  The  above  fairly  com- 
prehensive summary  of  the  published  observa- 
tions of  the  spectrum  of  y  Cassiopeia  is  of 
interest  especially  in  connection  with  its  bearing 
upon  the  reported  variations  of  some  of  the 
spectral  features  involved. 

Referring  first  to  the  D^  line  of  helium,  the 
visual  observations  of  this  spectral  feature  would 
indicate  that  capricious  changes  have  taken  place 
in  the  intensity  of  this  line,  for  it  was  seen  dis- 
tinctly by  some  observers  and  was  invisible  to 
others  at  or  near  the  same  epoch,  and  the  same 
observer  at  different  times,  in  some  cases,  had 
different  impressions  of  its  brightness.  But  the 
indications  of  uncertainty  affecting  the  visual 
observations  of  the  much  brighter  lines  of  hydro- 
gen, discussed  below,  make  very  doubtful  con- 
clusions with  reference  to  the  physical  reality  of 
such  observed  changes.  On  the  other  hand  the 
very  fact  that  this  line  was  seen  so  freqtiently 
by  visual  observers  indicates  that,  in  that  period, 
from  1872  to  1888,  it  must  have  been  stronger, 
at  least  spasmodically,  than  at  present,  for  now, 
even  photographically,  it  is  a  faint  line.  To  be 
sure  von  Konkoly  suspected  and  Sherman  ob- 
served a  number  of  faint  emission  lines  in  this 
spectrum  which  very  possibly  were  then,  as  now. 
comparable  in  brightness  with  the  present  D.. 
emission,  but  it  seems  doubtful  whether  so  manv 
visual  observers  would  have  recognized  this  line 
if  it  had  been  so  faint  as  it  is  at  the  present 
time.  In  1883.  von  Konkoly  assigned  to  D^  an 
intensity  one-half  that  of  PI8  and  one-fifth  that 

'^Publications  of  the  Solar  Physics  Committee.  "The 
Spectrum  of  7  Cassiopcine,"  1914. 
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of  Ha.  On  the  Ann  Arbor  plates,  discussed  in 
this  paper,  the  D.;  line  is  estimated  to  be  one-fifth 
as  bright  as  Hy8  and  one-eighth  as  bright  as  Ha. 
These  intensity  estimates  may  represent  the  ex- 
tent of  a  possible  decline  in  the  strength  of  this 
line  in  a  period  of  thirty  years. 

As  for  the  faint  metallic  emission  lines,  there 
seems  to  be  no  evidence  to  show  that  they  have 
undergone  any  secular  changes  like  that  suggest- 
ed in  the  case  of  D3,  for  they  were  seen  clearly 
by  only  one  visual  observer,  and  are  not  recorded 
by  others  observing  in  the  same  year,  and  thus 
were  very  probably  faint,  as  they  are  found  to 
be  at  present.  Even  on  the  spectrogram  their 
visibility  is  so  dependent  upon  photographic  con- 
ditions that  valid  conclusions  as  to  their  con- 
stancy or  variation  are  difficult  or  impossible  to 
■  reach.  It  is  not  strange  that  one  photographic 
investigator,  at  least,  has  shifted  suspicion  of 
variability  from  the  hydrogen  to  the  faint  metal- 
lic emission  lines.  But  indicated  variations  of 
such  lines  are  especially  hard  to  establish. 

For  the  Ha  and  Hj8  lines,  which  were  some- 
times seen  as  brilliant  and  again  as  very  faint 
or  invisible  with  the  same  spectrograph,  the  case 
is  clearly  suggestive  enough  to  warrant  careful 
attention.  Briefly:  Secchi  and  Huggins  saw 
bright  Ho  and  H^  in  the  late  sixties,  but  Vogel, 
in  1872,  did  not  find  the  Ha  line.  Then,  from 
1874  to  1883,  no  emission  lines  were  seen  by  von 
Konkoly,  notwithstanding  frequent  search,  nor 
by  von  Gothard  who  looked  for  them  often  dur- 
ing the  last  two  years.  During  this  period,  how- 
ever, bright  hydrogen  emission  was  seen  in 
England  in  1877,  1879,  1880,  and  1881.  There- 
after, these  emission  lines  were  observed  in 
Europe,  at  Kensington,  and  at  the  Lick  Observa- 
tory, apparently  without  variation,  but  at  Green- 
wich hydrogen  emission  was  found  to  vary  great- 
ly as  late  as  1887,  when,  on  December  5,  Ha  was 
brilliant,  while  eleven  days  later,  with  the  same 
instrument,  it  was  '"not  seen."  At  the  same  time, 
as  .seen  from  Greenwich,  the  H/8  emission  con- 
tinued to  vary,  though  in  no  such  pronounced 
manner.  Thereafter  the  photographic  method 
superseded  the  visual  quite  generally. 

These  visual  observations  were  undoubtedly 
profoundly  affected  by  instrumental  conditions, 
particularly  in  the  case  of  the  Ha  line,  which  is 
near  the  edge  of  the  region  for  which  visual  ob- 


jectives are  corrected.  Thus,  on  August  20, 
1883,  when  von  Konkoly  did  view  the  Ha  emis- 
sion after  nine  years  of  watching,  it  is  significant 
that  he  found  the  line  very  faint  when  he  ob- 
served it  with  one  train  of  prisms,  whereas  with 
two  such  prism  trains  he  found  it  exceedingly 
bright.  Noteworthy,  also,  was  the  greater  suc- 
cess which  followed  his  observations  as  he  em- 
ployed in  rapid  turn  telescopes  of  increasing 
aperture.  Again,  on  February  sixteenth,  1887, 
at  Greenwich,  H/?  emission  was  "very  distinct," 
as  seen  with  one  spectroscope,  whereas  with  an- 
other it  was  very  faint;  and  on  December  six- 
teenth of  the  same  year.  Ha  was  "not  seen"  with 
a  cylindrical  lens  before  the  slit,  but  was  "dis- 
tinctly seen"  without  such  lens.  Other  similar 
cases  might  be  cited,  but  without  amplifying 
further,  the  conclusion  seems  to  be  indicated  that 
the  results  of  early  visual  observations  of  the 
spectrum  of  y  Cassiopeiae,  like  those  of  j8  Lyrse, 
must  be  regarded  with  caution. 

With  the  adoption  of  the  photographic  method 
evidence  of  variation  of  the  hydrogen  emission 
lines  in  the  photographic  region  was  not  found 
and  visual  observations  with  equipment  of  greater 
average  power  as  compared  with  the  apparatus 
of  the  old  visual  observers,  continued  to  record 
hydrogen  emission.  Later  Ha  was  observed 
photographically  without  suspicion  of  variation 
on  the  following  dates  at  least:  191 1,  June  21, 
27,  July  25,  26,  27,  28;  1912,  July  30,  August  i, 
6,  September  12,  October  2;  1913,  July  12,  De- 
cember 18;  1914,  January  i,  October  24;  1915, 
November  13;  1916,  January  6.  And  from  the 
liundreds  of  spectrograms  of  y  Cassiopeise  in 
the  photographic  region,  no  variations  in  the 
other  hydrogen  lines  have  been  announced. 

In  view  of  the  absence  of  observed  variations 
in  the  hydrogen  lines  after  the  photographic  era 
began,  it  appears  that  an  interesting  comparison 
could  be  drawn  if  visual  observations  with  a 
small  refractor  were  available  during  this  period. 
It  seems  that  such  data  are  reported,  in  1906, 
by  S.  E.  Percival  of  Somerset,  England,  as  fol- 
lows : 

"My  instrument  is  one  of  Hilger's  Zollner 
spectroscopes  with  three  cylindrical  lenses  of 
different  powers ;  the  telescope  is  a  Cooke  3^- 
inch.  I  have  been  puzzled  by  the  apparent  be- 
haviour of   this    (Ha)    line    (in  y   Cassiopeise). 
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SoinetiiiK's  1  have  seen  it  with  great  ease  and 
distinctness,  at  others  I  have  barely  ghnipscd  it ; 
at  others  again  1  have  totally  failed  to  see  it. 
Thus,  I  saw  it  splendidly  when  the  star  was  high 
up  in,  I  think,  the  early  days  of  January.  On 
May  2,  I  failed  to  see  it,  but,  on  May  4,  I  saw  it 
quite  distinctly.  Last  night.  May  18,  though  the 
sky  was  clear  and  the  spectrum  steady,  1  barely 
glimpsed  it ;  sometimes  indeed  a  dark  line  seemed 
to  replace  it."-* 

It  is  regrettable  that  no  photographic  obser- 
vations of  the  Ha  region  were  reported  at  this 
time.  However,  Hartmann  gives  a  list  of  six 
spectrograms  taken  between  July  12  and  October 
5  of  that  year  (1906),  and,  though  he  character- 
izes the  spectrum  in  the  photographic  region  in 
general,  he  does  not  refer  to  variations  in  the 
intensities  of  the  lines.'-" 

Reviewing  the  evidence  relative  to  the  varia- 
bility of  features  in  the  spectrum  of  7  Cassiopeiae, 
it  seems  that  we  may  conclude  at  once  that,  dur- 
ing the  period  from  1874  to  1884,  and  possibly 
until  1888,  the  variations  of  the  hydrogen  emis- 
sion lines,  if  real,  were  of  short  period,  as  Cope- 
land  has  suggested.  After  1883  (or  1888)  there 
seems  to  be  little  chance  that  any  appreciable 
variation  existed.  In  general  the  visual  observa- 
tions upon  which  conclusions  with  reference  to 
these  variations  are  based,  were  profoundly 
affected  by  instrumental  conditions  and  must  be 
regarded  with  caution.  On  the  other  hand  the 
constancy  of  the  photographic  record  must  be 
given  great  weight.  Further  it  is  significant  that 
visual  observations  with  apparatus  of  limited 
power  yielded  results  indicating  great  variations 
in  the  Ha  line  as  late  as  1906,  when  observers  in 
the  photographic  region  mention  no  changes. 
However,  notwithstanding  the  evidence  tending 
to  discredit  the  work  of  the  early  visual  observ- 
ers, it  would  seem  that  the  time  has  not  come  to 
reject  the  results  gathered  by  them  in  connection 
with  the  much  discussed  variations  of  the  hydro- 
gen lines  in  the  spectrum  of  y  Cassiopeia.  But 
astronomers  at  the  present  time  will  hesitate  to 
regard  the  reality  of  these  variations  as  estab- 
lished until  confirmation  is  found  through  the 
photographic  method. 

'^  Journal  British   Astronomical  Association.   Vol.    16, 
page  319. 
'^  Astronomische  Nachrichtcn,  Vol.  173,  page  102. 
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Radial  velocities  of  y  Cassiopeiie  have  been 
announced  by  X'ogel  and  Scheiner  on  page  99  of 
I'otsJaiii  I'ul'l.,  \  ol.  \  11,  by  Hartmann  on  page 
102  of  Astronomische  Sachrichten,  \'olume  173, 
and  by  Merrill  on  pages  163  and  164  of  Lick 
Ohseriatory  Bulletin,  \imiber  237. 

The  observations  of  X'ogel  and  Scheiner  were : 

1888,  October  6,  4-0,8 km. 

1889  Januarj' 9,  — 7.8 

Mean  velocity,        — 3.5 

Hartmann  found  the  lines  in  this  spectrum 
hard  to  measure  because  of  their  diffuseness. 
Also  he  thought  that  there  were  relative  shifts 
among  the  lines.  The  velocities  correspond  to 
measures  of  the  middle  of  the  lines,  which  were 
in  general  of  symmetrical  structure.  These  nine 
velocities  with  their  mean  are  given  in  Table  II. 
Considering  the  velocity  of  the  star  as  constant, 
the  probable  error  of  a  single  observation  of 
Hartmann  proves  to  be  ±  4.6  km.,  which  is  in 
close  accord  with  his  idea  of  the  accuracy  of  the 
several  velocities.  Nevertheless,  Hartmann  con- 
sidered that  the  apparent  slow  change  in  the 
radial  velocity  of  this  star  was  real  and  an- 
nounced it  as  an  object  w^ith  variable  radial 
velocity,  adding  the  suggestion  that  more  definite 
information  with  reference  to  the  nature  of  the 
variation  would  be  obtained  through  observations 
extending  over  a  long  time  interval.  Possibly  the 
reader  will  have  misgivings  as  to  the  safety  of 
this  announcement. 

TABLE  II.  THE  POTSDAM  OBSERVATIONS. 

SPECTRO- 

D.\TE  VELOCITY  RESID. 

GR.VPH 


I 
I 
I 
III 
I 


1900,  July  2 
Sept.  21 

1901,  Sept.  27 
1906.  July  12 


4-  0.5  km 
+  3.1 
—19-3 

— ID.  I 


4-  9.0  km 
4-11.6 
—10.8 
—  1.6 
-f  2.7 


I 

Sept.  22 

—  9-3 

-0.8 

I 

24 

—14.4 

—  5-9 

I 

30 

—10.0 

—  1-5 

I 

Oct.      5 
MEAN 

^11. 1 

—  2.6 

-8.5 
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The  sixteen  observations  made  at  the  Lick 
Observatory  are  conveniently  divided  into  four 
groups  depending  on  the  spectrograph  used,  the 
measurer  and  the  features  measured.  The  entire 
series  extends  over  sixteen  vears  and  each  set 


sidering  the  twenty-seven  velocities  of  y  Cas- 
siopeije  derived  at  Potsdam  and  the  Lick  Ob- 
servatory, the  conclusion  is  reached  that  more 
observations  would  be  necessary  to  establish  the 
reality  of  Hartmann's  reported  velocity  variation. 


TABLE   III.    THE   LICK   OBSERVATORY  OBSERVATIONS. 


SPECTROGRAPH 

ME-\  SURER 

FE-\TURE  ME.\SL-RED 

G.  M.  T. 

VELOCITY 

Original 

Mills. 

Campbell. 

Bright    components 
H7   Emission. 

1896 

Aug.       9.99 

19.00 

Sept.     23.86 

Nov.      11.78 

MEAN 

—  I     km 

—  iH 

—  4 

—  4 

—  2.6 

Remounted 
Mills. 

Moore. 

Bright  components 
H7  Emission  and 
central  absorption. 

1903 
Nov.       1 .  96 
1 .98 

MEAN 

—  4 

—  2.8 

Same. 

Merrill, 

Same. 

1910 

Nov.     14.68 

15.84 

17-59 

1911 

Jan.         7.61 

Aug.       7.93 

Nov.      23 .  76 

24-77 

MEAN 

—  2.4 

—  7.3 

—  6.2 

±  0.0 
— 10.  ^ 
-9.6 

—  8.8 

-6.4 

Three-Prism. 
X4900  central. 

Merrill. 

H^  Line. 

1912 
Aug.     21.94 
22.92 
29.90 

MEAN 

—  2.9 

—  7.6 

+  2.7 

—  2.6 

centers  about  a  well  defined  epoch.  The  means 
of  the  four  groups  are  all  nearer  to  zero  than 
Hartmann's  mean,  but  the  mean  for  the  third 
and  strongest  group  differs  only  two  kilometers 
from  that  of  Hartmann.  In  his  Second  Cata- 
logue of  Spectroscopic  Binary  Stars,  containing 
data  available  up  to  ]\Iarch  15,  1910,  Campbell 
noted  that  the  Lick  Observatory  observations  did 
not   confirm   Hartmann's   announcerrient.      Con- 


DETROIT  OBSURVATORY  STUDIES. 

Material.  The  writer's  studies  of  y  Cassiopeire 
are  based  upon  seventy-four  spectrograms  made 
in  the  years,  191 1  to  1914,  with  the  single-prism 
spectrograph  described  in  Volume  I  of  these 
Publications.  Seventy  of  these  spectrograms  are 
listed  in  Table  VI  and  four  more  are  referred  to 
in  the  foot  note   following  that  table.     With  a 
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few  exceptions  the  negatives  were  made  with 
Keel  Label  Lantern  Shde  Plates.  Three  plates 
were  sensitized  to  visual  light.  Two  plates,  made 
with  a  very  long  slit,  were  especially  useful  in 
the  study  of  faint  wide  absorption  lines. 

IVavc-Lniglhs  and  Intensities  of  Lines.  The 
wave-lengths,  intensities,  number  of  measures 
and  relative  weights  for  the  lines  in  the  spectrum 
of  y  Cassiopeire,  observed  at  Ann  Arbor,  are 
found  in  the   four  columns  next  to  the  last  in 


Tabic  1\'.  The  preceding  columns  contain  paral- 
lel or  additional  results  obtained  by  Slicrman, 
Miss  Maury,  Sidgreaves,  and  Baxandall  for  the 
photographic  region,  and  by  Sherman,  Sid- 
greaves, and  Merrill  for  the  visual  region  of  the 
spectrum.  The  last  column  contains  laboratory 
wave-lengths,  identifications,  symbols,  and  re- 
marks for  many  of  the  lines.  In  this  column 
the  wave-lengths  for  the  metallic  emission  lines, 
except   those   in   the   visual   region   observed   by 


TAKLH   ]\-, 


ASSEMBLED   WAVK-LENGTHS  OF  LINES  IN  THE  SPECTRUM  OF  OA^LMA 
CASSIOPEIAE. 


BHER- 
M.\N 


SIDGREAVES 


BAXAN- 
DALL 


IDENTIFICATIONS,  ETC 


WAVE- 
LENGTH 
(I) 
A 


WAVE- 
LENGTH 
(2) 

A 


WAVE- 
LENGTH 

(3) 
A 


INT. 

(4) 
A 


WAVE- 
LENGTH 
(5) 

A 


WAVE- 
LENGTH 

(6) 
A 


INT. 

NO. 

(7) 

(8) 

6 

2 

4n 

2 

5 

I 

4nn 

I 

8 

I 

3.6 

39 

5 

I 

14 

7 

3-5 

30 

4 

I 

6 

I 

6 

7 

8 

3 

S 

2 

I2n 

53 

4 

2 

4 

3 

4 

2 
4 

WT. 

(9) 


(10) 


Obs. 


3912.2 

392/1 


3994  9 
4009.5 

4026 . 4 
4069.4 


4072.0 
4089.2 


Obs. 


4116.2 
4120.5 


3970E 

3983 
399S 


4025 
4037 
4043 


4069 

4076 
4088 

4101E 
4118 


3920 
3926. 


3933-8 
3970.2 

3995- 2 
4009.4 

4026.3 


4073- 
4089.2 


3888. 81 E 


3920.0 
.^927-4 

3930.4 
3933-86 
3935-7 
39-0- 19E 
3970.26 


3995-8 
3998-0 
4009.6 
4010.7 

401 1. 4 
4026.56 


4065. 4E 

4067.2 
4069.5 
4071-5 
4073.4 
4089.7 


3889.20,  Hf. 
3889.20,  Hf. 


28 


4101.92E 
4101.8    j      4101.90 

4116.5     j      

I      4118.8 

4121.0    ,      


3.1  I    60 


8n 


Blend.  N,  O,  C. 
3926.7,  Helium. 


3933.83.  K  Calcium. 
3936.06,  Helium. 
3970.18,  He. 
3970.18,  He. 


4009.42,  Helium. 


4026.37,  Helium. 


4067.22,  /3  LyrK. 


O.xygcn  Triplet. 
4089.00,  Si. 

4101.92,  H5. 
4101.92,  H5. 

Silicon. 

Blend.  Si  and  He. 

Helium. 


UNIVERSITY  OF  MICHIGAN 


TAl'.l.I".    IV. 


ASSK.MI'.LED   WAVE-LENGTHS  OF  LINES  TN  THE  SPECTRUM  OF  GAMMA 
CASSIOPEL\E— CoNTiNUKii. 


SHER- 
MAN 


BAXAN- 
DALL 


IDENTIFICATIONS,  ETC. 


WAVE- 
LENGTH 
(I) 
A 


WAVE- 
LENGTH 

(2) 

A 


WAVE- 
LENGTH 

(3) 
A 


INT. 

(4) 


WAVE- 
LENGTH 
(S) 

A 


WAVE- 
LENGTH 
(6) 


INT. 
(7) 


(8) 


WT. 
(9) 


(10) 


4180E 


Obs. 


4254- I 


4267.4 


4285.1 


Obs. 
Obs. 


4131E 

4144 

4155 

4170 

4177E 

418s 


4234E 

4239 
4253 


4266 


4281 

4295 

4302E 

4306 

4317 
4326 
4340E 
Obs. 


4382E 


4387.8      '    4388 
4395E 


Id 


4143 -9 
41 55-0 
4169. I 


4253-8 


4267.4 


4285.1 


4318.- 


4367-0 


4388.1 


4141.21 

4144-1 

4145-9 


4169.3        ' 
4177. 4E,  A 


4200 . 2 
4207  ■4E 

4214. 6E 
.^  233. 60E 
4233-41 


4260 . 1 1 E 

4267-5 
4271. 8E 


4282 

I 

4295 

4 

4307 

8 

4317 

8 

4340 

64 

4340 

66 

4353 

3E 

4367 

4 

4384 

25E 

4384.61 


4.?88. 


4400. 
4403. 


3 

5-0 

3-0 


4 
8 

4 
ion 

24 

2-5 

4 

7" 
5-0 


4143.92.  Helium. 
Blend,  O.xygen. 


4169,  Helium. 
4177.70,  Fe-V  12. 

4200.3,  H5'. 


4215.9,  Sr  40. 
42.33-33.  Fe-Cr  20. 
4233-33.    Fe-Cr   20. 


4260.23,  Fe  2. 
4260.64,  Fe  8. 
4267.15,  Carbon. 
4271.32,  Fe  6. 
4271.93,  Fe  15    , 

Sulphur. 


Oxygen  pair. 

4340.63,  H7. 
4340.63,  Ht- 
4352.9,?  Fe  4-? 

4367-—.   O.xygen. 
4383.72,  Fe  15. 
4385.55.  Fe  5- 
4383.72,  Fe.  15. 
4385-55,  Fe  5. 

4388.10.   Helium. 
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shi:k- 

MAN'      I 


WAVK- 

I.KNCTH 

(I) 

A 


4623E 


4673-5 


4920  E 
4990 

;020 


SIDCREAVES 


WAVE- 

I.KNGTH 

(2) 

A 


4471.8 


4568.6 


4661.7 


WAVE- 
LENGTH 

(3) 
A 


4451 

4462E 

4471 
448IE 

448s 


45I8E 


4573 
4586E 


I    4596 

j    4612 

;  4628E 

46410         

4649.2  4647 


4664E 


5006 

5023E         5020E 


INT. 

(4) 
A 


4w 
611 


3 
3 
3 

6w 


411 


BAXAN- 
DALL 


46753  

4685.4  4681  311 

4712.8  47II  I 

Obs.  486iE     I      10 


4d 


WAVE- 
LENGTH 

(5) 
A 


IDENTIFICATIONS,  ETC. 


4416 


4437-7 


WAVE- 
LENGTH 

(6) 
A 


INT.         NO. 

(7)       (8) 


WT. 

(9) 


(10) 


4418. 8E 
4418.8 


4462. 22E  '  .     3  I     2 

4469. 39  7  6 

4471.8  5  6 

4481.6  3  8 


4571 
4583 
4583 


4629 

]      4640 

......  I      4649 

4651 

i     4653 

j     46.57 

4661.8  4662 
4668 


4676.3 
4686.0 
4713.3 
4861.5 


4861 


5018 
5018 


76E 
93 


4 
51E 


4484.21  3 

4491. 46E  4 

4491.5  2 

4521. 8E  3 


4557 


Oxygen. 


4471.68,   Helium. 
4481 .  40,  Magnesium. 


4491.57,  Fe  6. 
4491-57,  Fe  6. 
4520.40,  Fe  8. 
4S22.83,Fe-Ti-Eui2 


4584.02,  Fe-V   15. 
4584.02,  Fe-V  15. 


4629.52,  Fe-Co  i; 
4649.5,  Carbon. 
Blend. 

Oxygen. 


Oxygen. 

4685.98,  Hydrogen. 

4713.31.  Helium. 

4861.53.  H^. 

4861.53.  H;3. 

4924.11,  Fe   20. 

5018.63.  Fe   15. 

5018.63.  Fe  15. 
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TABLE  IV.     ASSEMBLED   WAVE-LENGTHS  OF  LINES  IN  THE  SPECTRUM  OF  GAMMA 

CASSIOPEIAE— Continued. 

THE  VISUAL  REGION. 


SIDGREAVES 


WAVE-  WAVE- 

LENGTH LENGTH 

(I)  .  (2) 

A  I        A 

I 


5309. 8E 


5422E 
5557-5E 


5760 
Obs. 
6160E 
6280 

6356E 


5020E 


5104 

5160 

i67-5E  5170E 


5256 


5295 
5316E 

5350 
53/6 

5411 

5524 

S540E 

S576E 


INT. 

(3) 


4d 


WAVE- 
LENGTH 
(4) 

A 


5018. 4E 


U69.0E 


5316. 4E 


Obs. 


WAVE- 
LENGTH 

(5) 
A 


5018. 3E 

5048 

5106 

5162 

5169E 


S168 

S174 

S180 

S186E 

S214E 

5234E 

5278E 

5281 

S286E 

5294 

5317E 
5327E 
5355 
5376 


5426E 

5523 

5537E 


5760 

5862- 

5876E 

5882 

6149E 

6278 

6307 

6320E 

6340 

63S0E 

6367 

Ha 


(6;  ,  (7) 


8n 

4 

6 


WT. 

(8) 


IDENTIFlC.VriO.N,  ETC. 


(9) 


5018.63,  Fe  20 


5167.68,  Fe— ,  b^.? 
5160  16,  Fe  15,  bj.  ? 

Reversal. 
S172.9  ?,  br? 

5183.8?,  b,? 


5234.8—10,  Young. 
52-6.15,  Cr— Fe  10. 


5316.86,  Fe— Co  12. 
Blend  of  Fe  lines. 


5429.91,  Fe   10. 

5535  07,  Fe  12,  Young. 

5875.87.  Helium  D^- 
Blend,  Fe  5.  Young. 

6318.2,  Fe — Ca  3.  Young. 
6;63. 
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Voniig,  arc  due  to  Ruwkuul,  the  intensities  to 
S.  A.  Mitchell,  as  observed  by  him  in  the  flash 
spectrum.  The  other  wave-lengths  were  ob- 
tained from  various  sources.  The  letter  E,  fol- 
lowing a  wave-length,  marks  an  emission  line ; 
the  letter  A,  an  absorption  line.  Wave-lengths 
with  no  letters  following  correspond  also  to  ab- 
sorption lines. 

The  wave-lengths  in  Table  IV  are  based  on 
the  assumed  values  for  the  lines,  118,  liy,  and 
11/3,  given  in  the  last  column  of  this  table.  For 
the  better  determined  lines  the  probable  errors 
resulting  from  comparison  among  the  values 
from  the  different  plates  are  given  in  Table  \  . 
Uncertainties  in  the  interpolation  curve  employed 
and  in  the  assumed  wave-lengths  would  increase 
these  probable  errors  by  a  few  hundredths  of  an 
angstrom. 

TABLE  V.    W.WE-LENGTHS  AND  PROBABLE 
ERRORS  OF  SELECTED  LINES. 


CORRECTED 

PROBABLE 

LINE 

W.WE-LENGTH 

ERROR 

A 

A 

K 

3933 .86  A 

± 

0.028 

He 

3970. 19  E 

± 

0.060 

He 

.3970. 26  .\ 

± 

0.036 

He 

4026.56  A 

± 

0.027 

US 

4101 .92  E 

± 

0.017 

lis 

4101.90  .A 

± 

0.014 

H7 

4.^40.64  E 

± 

0.009 

ih 

4340.66  .-K 

± 

0.013 

Fe 

4583.76  E 

± 

0.058 

Fe 

4583 -93  A 

± 

0.065 

H^ 

4861.51  E 

± 

0.013 

h;3 

4P61.58A 

± 

0.058 

The  identifications  suggested  in  Table  IV  for 
the  emission  lines  seem  well  established.  That 
these  emission  lines,  probably  without  exception, 
correspond  to  strong  chromospheric  lines  is  well 
brought  out.  The  marked  prominence  of  iron 
emission  in  these  lines  is  also  evident. 

In  view  of  the  references  of  early  observers  to 
the  presence  of  the  b  group  of  magnesium  in  the 
spectrum  of  y  Cassiopeiae,  the  data  in  Table  I\' 
referring  to  this  region  are  of  some  interest. 
There  seems  to  be  no  question  as  to  the  presence 


of  an  iron  emission  line  at  A.  5KJ9.16  A ;  and  since 
this  line  is  normally  about  six  angstroms  wide, 
ht,  bj,  and  possibly  b,,  if  present,  would  be 
blended  or  lost  in  it.  Probably  also  the  emission 
line,  b,,  is  included  in  the  emission  line  measured 
at  A  5186  in  such  a  way  that  it  can  not  be  dis- 
tinguished if  it  exists.  It  is  possible  then  that 
magnesiuni  emission  does  contribute  to  the  lines 
which  have  been  observed  at  A  5169  and  A  5186. 
liut  in  that  case  we  would  expect  to  find  at  least 
the  first  of  these  lines  exceptionally  wide,  where- 
as the  measured  width  of  6.6  A  exceeds  the 
normal  width  of  6.1  .\,  taken  from  Plate  II,  by  a 
relatively  small  amount.  Sidgreaves  considered 
that  the  identification  of  A  5169  A  as  a  magne- 
sium group  was  confirmed  by  the  existence  of 
A  -I481  A  of  this  element  as  an  emission  line  in 
the  spectrum  of  this  star.  However  I  have  not 
been  able  to  find  this  emission  line  on  my  plates. 
Keeler  inclined  to  the  belief  that  the  b  group  was 
dark  in  this  spectrum.  Aside  from  the  occur- 
rence of  an  absorption  line  at  A  5174  A,  which 
might  involve  b„,  there  seems  to  be  no  evidence 
gained  from  the  plates  of  this  Observatory  in 
support  of  this  idea.  It  seems  probable  that  the 
b  group  of  magnesium  is  not  present  in  this 
spectrum. 

The  line  intensities  assigned  by  Sidgreaves  and 
the  writer  are  based  on  scales  so  different  that 
intercomparison  is  not  readily  made.  The 
writer's  intensity  numbers  are  based  on  the  scale 
used  in  his  previous  papers.  In  general  these 
numbers  for  absorption  lines  are  several  times 
those  assigned  by  Sidgreaves,  but  discrepancies 
occur  which  suggest  difTerences  in  interpretation 
of  the  observed  features.  For  the  emission  lines 
Sidgreaves  has  based  his  intensities  on  the  excess 
of  density  over  that  of  the  neighboring  continu- 
ous spectrum.  Thus  the  wide  band  at  He  is 
assigned  intensity  zero.  The  writer  has  esti- 
mated his  intensities  of  emission  lines  on  the 
basis  of  their  extent  and  density,  assuming  that 
they  are  superposed  upon  absorption  as  the  line 
structures  indicate.  The  two  systems  lead  to 
widely  dififerent  results  making  numerical  com- 
parison difficult. 

The  wide  absorption  lines  in  the  spectrum  of 
y  Cassiopei?e  are  too  weak  and  ill-defined  to 
permit    of    discriminating    studies    of    intensity 
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TABLE  \l.    THE  ANX  ARBOR  OBSERVATIONS. 


NO.  OP 
PLATB 


hS,  h7,  .\nd  h/3  lines 


KMISSION"   WIDTH 


D.\TE,  G.  M.  T. 


1508* 

1530 

I53I 

1537* 

1538* 

15-10 

I54it 

1544 

1545 


RESID.  NO.  1    WT.         VF.L.      WT.      hS      H7        H^ 


(I) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

1911 

d 

km. 

km. 

km. 

134 

July 

17.895 

+  i-i 

+  8.4 

4 

4 

—  3 

19; 

Aug. 

30. 81 J 

—  9-7 

—  2.4 

5 

8 

±  0 

198 

30.830 

—  5-4 

+  1-9 

5 

5 

-r  2 

199 

30.841 

—  9.0 

—  1-7 

5 

8 

It  0 

200 

30.855 

-9.6 

—  2-3 

5 

' 

—  I 

210 

Sept. 

19-797 

—  6.0 

+  1-3 

2 

2 

211 

19.803 

—13-7 

—  6.4 

5 

5 

■L  3 

JI2 

19.815 

—  1.8 

+  5-5 

5 

5 

+  3 

^14 

22.836 

—14.5 

—  7-2 

5 

7 

+  6 

-15 

22.848 

—  6.0 

+  1-3 

5 

6 

—  9 

2JI 

23.824 

—10.9 

-3.6 

5 

6 

+  7 

222 

23.835 

— 10.6 

—  3-3 

5 

5 

—  I 

220 

27.809 

—  2.4 

-r  4-9 

4 

4 

-  4 

230 

27.820 

— 12.2 

—  4.9 

4 

4 

J  16 

235 

Oct. 

2.757 

—10.6 

—  3-3 

3 

2 

—  3 

236 

2.771 

—  1.7 

+  5-6 

3 

3 

_  7 

^41 

7-784 

—II. 6 

—  4-3 

4 

4 

—  3 

342 

7-792 

—  6.6 

-r  0.7 

5 

7 

-f-  6 

246 

11.762 

—  6.6 

-J-  0.7 

4 

4 

—  6 

24; 

11.-72 

— II-5 

—  4-2 

4 

4 

+14 

2S4 

13-657 

—10.3 

—  3.0 

3 

3 

—  2 

2^S 

13.679 

— 15.- 

—  7- 

1 

I 

264 

18.759 

—  3-2 

+  4.! 

5 

5 

—  7 

265 

18.765 

—  0.7 

+  6.6 

4 

6 

—12 

282 

27 ■ 727 

—10.9 

-3.6 

4 

3 

—16 

283 

1912 

27.732 

—  7-3 

±  0.0 

5 

5 

— •  5 

iic8 

Sept 

26.785 

+  0.4 

+  7-7 

4 

4 

±  0 

1447 

Nov. 

10.726 

—16.6 

—  9-3 

2 

I 

1448 

10.747 

—12.0 

—  4-7 

4 

4 

+  9 

1507* 

27.638 

—  9.0 

—  1-7 

4 

3 

+  3 

Dec 


Dec 


27.645 

30.620 

30.632 

4.662 

4.667 


7.560 
8.592 
8.615 

1 1 . 6G0 


-  7.1 

-  5-9 
-3.6 
-16.0 


-  3-2 
-14.7 
-10.9 
-4.8 


—  4.-  1 
+  0.2  3 
+  1-4  5 
+  3.7  5 

-  8.7  5 

+  4.1  4 

—  7-4  4 

-  3.6  5 

+  2.5  3 

+  5-3  5 


(8)     (9)    (10) I (II) 


H7 


25 


20    I  25 

■  ■     25 


(12) 

A 
4.oin 
3.92W 
3-99" 

3.8911 


3-95«' 
3.71W 
3.86\v 
3.80s 


4.07\v 
4.31s 


4.oi\v 
4.25n 
3.9611 


3.3811 
4.38W 
3.98W 

4.02n 


25 

25 

3-99" 

20 

25 

25 

3.80s 

16 

25 

25 

3.8911 

20 

20 

4-5IW 

20 

20 

25 

3 -Sin 

20 

20 

22 

4. Gin 

20 

20 

25 

3-78" 

30 

20 

20 

20 

18 

405W 

30 

25 

25 

20 

3.87W 

(13) 

A 
4.3iS 
4.3IW 
4.46s 
4.8411 
4.01S 

4.29s 
4.0511 
4.18W 
4.  ion 
4.24S 

4-31" 
4.418 
4.07s 
4-31S 
4-39" 

4.i4\v 
4.0IW 
4-31W 
4- 14" 
4-45-i 

4.48s 

4 -375 
4.6411 
4.28W 

4-31" 


H/3 


(14) 
A 

5  •56s 
5-83W 
5.4811 
5.18W 
5-03W 

5.1211 

5.24W 

4.77W 

4.29W 

4.77W 

4.85"- 
5.5111 
4.7111 
4-71" 

4  94W 

4.65\V 
4.94W 
4.50W 
5.36w 

5  27W 


5.62s 
5.00W 
5.36w 
5.48W 


iiii 

1 1 1 1 

I  ■  i  I 

I  hi 
lii-l 

■B      ^S     ^S      S 

I  I  P.......... I 

HH  flH         ^IB  .       il^l 


OH 
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hS,  h7,  and  h/3  lines 


KMISSION"    WIDTH 


DATE,  G.  M.  T. 


In  addition  to  the  spectrograms  listed  above,  there  were  used  in  \va\c-length  determination;  Plates  251 1,  of 
1913.  December  18;  3037,  of  October  24,  1914;  3077  and  3078,  of  December  31,  1914.  Plates  2511,  2564  and 
3037  were  sensitized  to  visual  light.  Plates  3077  and  3078  were  made  with  a  long  slit  giving  a  wide  spectrum 
similar  to  that  usually  made  with  the  objective  prism.  Plates  with  numbers  followed  by  asterisks  (*)  in  column 
one  were  made  by  Mellor,  single  daggers  (f)  by  Lindsay,  double  dagger  (±)  by  Merrill.  All  the  remaining 
plates  were  made  by  Curtiss. 

variations.     Indeed  in  a  long  series  of  plates  a  emission  lines  are  also  not  well  adapted  to  in- 

relatively  small  number  will  be   found  to  have  tensity  studies,  since  their  edges  are  often  not 

the  nice  combination  of  photographic  conditions  clearly  marked  and  in  density  they  exceed  the 

necessary  to  bring  these  lines  out.     The  metallic  continuous   spectrum   but    little.      On   the   other 
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hand  the  emission  and  central  absorption  com- 
ponents of  H8,  Hy,  and  H^  are  fairly  suitable 
for  studies  of  intensity  changes. 

In  columns  nine,  ten  and  eleven  of  Table  VI 
the  writer's  estimates  of  the  intensities  of  the 
emission  lines  of  H8,  Hy,  and  H/3  are  given  for 
each  spectrogram.  A  glance  will  show  that  some 
range  exists  among  the  estimates  of  any  one  line, 
but  such  variations  appear  between  plates  made 
in  rapid  succession  on  the  same  night.  Evidently 
the  variations  found  here  are  ascribable  to  un- 
certainties of  photographic  registration  and  of 
intensity  estimates.  On  the  other  hand  these 
estimates  do  indicate  that  no  great  variations, 
such  as  those  reported  by  visual  observers,  are 
recorded  on  these  plates.    Further,  in  Table  \ll, 


T.\P,Li:  VII 


ME.^N  INTENSITY  OF  HYDROGEN 
EMISSION  LINES. 


INTENSITIES 

Hf 

He 

hS 

H7 

Hp 

HO 

191 1,  July-Oct. 

1912,  Sept.-I9i.5,  Feb. 

1913,  Aiig.-I9i4,  Pel). 
1911-1914 

6 

14 

19 
21 

21 
20 

23 
24 
25 

24 

23 
23 
24 
23 

40 

where  the  intensity  estimates  are  grouped  into 
means  by  seasons,  there  appears  no  evidence  of 
appreciable  change  in  the  average  intensities  of 
these  emission  lines  from  year  to  year. 


the  case  of  H^  being  due  to  the  decreased  sensi- 
tivity of  lantern  slide  plates  in  this  region.  This 
increase 'in  intensity  of  hydrogen  emission  with 
wave-length  would  be  still  more  marked  here  if 
the  excess  of  brightness  over  that  of  the  neigh- 
boring continuous  spectrum  had  formed  the 
basis  of  intensity  estimates  as  in  the  case  of 
former  observations. 

The  individual  intensity  estimates  for  the  cen- 
tral hydrogen  absorption  and  for  the  absorption 
lines,  K  and  A  4026,  which  were  measured  many 
times  on  these  plates,  are  not  reproduced  here. 
It  is  sufficient  to  say  that  they  do  not  support  any 
hypothesis  of  variation.  The  means  by  years 
and  the  final  means  are  found  in  Table  VHI. 
The  decrease  in  intensity  of  the  central  hydrogen 
absorption  with  increasing  wave-length  is  well 
brought  out  though  to  some  extent  the  effect  of 
varying  dispersion  is  involved  here.  There  seems 
to  be  no  evidence  of  marked  intensity  variations 
in  the  same  line  from  year  to  year. 

In  view  of  the  suspicion,  expressed  by  Sid- 
greaves,  of  variation  in  the  intensities  of  metallic 
emission  lines  in  the  spectrum  of  y  Cassiopeiae, 
interest  will  be  heightened  in  a  tabulation  of  the 
data  of  the  Ann  Arbor  spectrograms  bearing  on 
this  point.  In  Table  IX,  have  been  collected  the 
estimated  intensities,  on  the  scale  employed  for 
the  hydrogen  lines,  of  the  emission  and  central 
absorption  lines  of  AA  4233,  4384  and  4584,  the 
latter  of  which  was  mentioned  specifically  by 
Sidgreaves.     Evidently  there  is  no  indication  of 


TABLE  VIII. 


MEAN  INTENSITIES  OF  CENTRAL  HYDROGEN 
ABSORPTION,  K  AND  X  4026. 


INTENSITIES 

H? 

HC 

1 

hS 

!      H7 

Hi8 

K 

X4026 

1911,  July-Oct. 

1912,  Sept.-I9i3,  Feb. 

1913,  Aug.-I9i4.  Feb. 
1911-1914 

4- 

3-3 
3.8 
3.5 

1    '■' 

3-1 
3-4 
2.9 
31 

2.4 

2.8 

2.5 
2.5 

I.- 
1-3 
1-4 
1-3 

3-7 
3.8 
3-4 
3.6 

12.2 
II. 4 
12.2 
II. 9 

The  mean   intensities   for  all  hydrogen   emis-  real  variation  here   from  plate  to  plate  and  no 

sion  lines,  in  the  last  line  of  Table  VII,  bring  out  certain  indication  of  change  from  year  to  year, 

the   well   known   increase   of   intensity   of   these  Apparently  if  these  lines  do  vary,  the  range  must 

lines  from  H^  to  Ha,  the  apparent  exception  in  be  small  or  the  period  long;  or  possibly  the  fluctu- 
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^  4233 

^^4384 

^4584 

ILATE 

UATC 

i.NTiiNsny 

INTENSITY 

INTENSITY 

G.  M.  T. 

EMISS. 

ABS. 

EMISS. 

ABS. 

EMISS. 

ABS. 

I9II 

198 

August         30.83 

5 

2.5 

5 

5 

3.5 

199 

.30.84 

6 

4 

S 

3 

200 

30.  «5 

5 

2 

4 

7 

2 

211 

Scpteuiljcr    19.80 

5 

212 

19.81 

5 

3 

8 

4 

214 

22.84 

1 
4        1 

6 

221 

23.82 

5     ;    •■• 

7 

2 

6 

229 

27.81 

S              2 

230 

27.82 

3 

5       1        2.5 

236 

October        .  2.77 

■•■      '       3-5 

-'4-> 

7.79 

6         1       3 

5 

.i 

5 

264 

18.76 

6              2 

265 

18.77 

8 

2S3 

27-73 

2 

1911  MEAN 

5-2 

2.8 

5-4 

2.7 

5-8 

2.9 

1912 

1 108 

September    26.78 

5 

2 

1530 

November    30.62 

... 

5 

3 

1531 

30.63 

5 

3-5 

5               2 

15,18 

December       4  67 

3.5 

"...    1      •  . . . 

1540 

7-55 

5        1         2 

1541 

-•56 

5 

1544 

8.59 

7               2.5 

4 

5 

1 545 

8.61 

S         ; 

S 

1550 

11.66 

5 

8 

3 

1552 

14.61 

[ 

... 

5 

1564 

22.60 

5         i       5 

4 

6       '        3 

1565 

22.61 

5         1       2 

1913 

1572 

Jauuary        12.60 

S 

S 

2 

1573 

12.62 

5 

5 

8 

1574 

12.63 

4               2 

' 

3 

S 

3 

1600 

February        8.59 

...      '       2.5 

5 

8       '        4-5 

1601 

8.60 

4         i      4 

4 

4 

4               3 

1912- 1913  MEAN 

50            3-1 

4-4 

3.5 

5-6 

2.8 

2244 

August         24.83 

2.5 

... 

2245 

24.84 

6       !        3 

2351 

October          4.70 

...      1       3-5 

2363 

9.69 

5 

5 

5 

2 

2394 

18.68 

5 
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^4233 

A43«4 

\4584 

TLATE 

DATE 
G.  M.  T. 

INTENSITY 

INTENSITY 

INTEN-SITV 

EMISS. 

ABS. 

EM1?S. 

ABS. 

EMISS. 

ABS. 

2390 

October 

18.76 

5 

2414 

November 

1.68 

6 

3 

25-'4 

December 

27.60 

6 

5 

6 

2525 

1914 

27.62 

6 

6 

3 

2530 

January 

1.56 

5 

3 

5 

2.5 

S 

3 

2584 

February 

19.58 

6 

5 

5 

2.5 

1913-1914 

.MEAN 

5-6 

3-0 

5-- 

2.5 

5.4 

2.7 

1914 

3037 

October 

24.69 

5 

2.5 

5 

6 

3 

303S 

24.71 

5 

2 

5 

3 

6 

2.5 

3039 

24 -73 

6 

2 

5 

3077 

December 

31.60 

4 

6 

2 

6 

3 

3078 

31.64 

S 

2.5 

5 

2 

6 

1914,  Oct.-Dec. 

MEAN 

5-0 

2.2 

5-2 

2.3 

6.0 

2.8 

ations  are  spasmodic.  As  for  the  early  evidence 
of  change,  Sherman's  observation  of  a  dark 
X  5020  may  easily  have  been  an  error  of  record  or 
he  may  have  observed  an  absorption  border  of 
this  line.  Further,  in  view  of  the  relative  faint- 
ness  of  these  metallic  emission  lines  and  in  view 
of  the  structure  found  in  them,  it  seems  reason- 
able that  the  apparent  variations  of  A  4584,  ob- 
served by  Sidgreaves.  are  ascribable  to  the  uncer- 
tainties of  photographic  registration.  That  Miss 
Maury  referred  to  A  5023  and  not  to  A  4584  as 
one  of  the  strongest  of  the  emission  lines  in  the 
spectrum  of  y  Cassiopei?e,  aside  from  those  of 
hvdrogen,  is  explained  if  we  note  that  this  ob- 
server did  not  identify  A  4584  as  an  emission  line 
but  did  consider  it  erroneously  as  a  bright  region 
between  two  Orion  lines.  Apparently  the  proba- 
bility of  the  reality  of  the  suspected  marked 
changes  in  the  metallic  emission  lines  in  this 
spectrum  is  small. 

There  remains  the  possibility  that  changes  may 
be  taking  place  in  the  relative  brightness  of  the 
two  components  into  which  the  emission  lines  are 
divided  by  the  central  dark  reversal.  Such 
changes  are  described  on  a  later  page  of  this 


volume  in  connection  with  the  bright  line  star, 
H.  R.  985.  Changes,  possibly  of  this  character, 
are  well  known  phenomena  of  the  spectrum  of 
/?  Lyra;.  The  Ann  Arbor  spectrgrams  of  y  Cas- 
siopeia have  been  examined  with  a  view  of  bring- 
ing out  such  changes  if  they  exist.  To  this  end 
the  intensit}'  of  each  component  of  the  emission 
lines  of  Hf,  He,  H8,  Hy,  A  4584  and  Hj3.  referred 
to  the  neighboring  continuous  spectrum,  has  been 
estimated  on  each  plate,  when  available.  These 
individual  estimates  are  not  reproduced  here.  It 
is  sufficient  to  say  that  they  do  not  support  any 
hypothesis  of  variation.  The  means  by  years 
and  the  final  means  for  the  set  are  found  in 
Table  IXa.  A'ariations  of  the  means  for  any 
component  and  of  the  relative  brightness  of  two 
components  of  the  same  line  from  year  to  year 
are  not  too  great  to  be  accounted  for  entirely  by 
uncertainties  of  estimation  and  of  photographic 
registration.  Apparently  this  type  of  variation 
is  not  present  in  the  spectrum  of  y  Cassiopeise, 
so  far  as  these  direct  relative  estimates  are  con- 
cerned. 

Line     Structures.       Several     observers     have 
pointed  out  that  the  hydrogen  lines  in  the  spec- 
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tnim    of    y    Cassiupcuc    are    in    general    dunbly  tliesc    lines    arc    dinicuit.      iMcijuently    they    arc 

reversed.     Narrow  central  absorption  divides  a  blended,    making    identilication    uncertain.       In 

wide  emission  line  and  this  in  turn  is  centrally  general,  when  forming  means,  it  is  not  possible 

superposed  uiion  an  extremely  wide  absorption  to   pick   out   the   single   lines    from   the   blends, 

background.       The     .\nn     Arbor    spectrograms  After  some  experiment  the  writer  has  adopted 

bring   out    the    fact    liiat    this    structure    extends  the   expedient   of   plotting  the    freciueucy  curves 

T.\I!LE  IX.\.    IXTENSITY  OF  IvMISSION  COMPONENTS  REL.\TIV1',  To  Till'. 
CONTINUOUS  SPECTRUM. 


Yi:.\RS  A.ND  .MdXTIIS 

H.C 

He 

h8 

H7 

hP 

'^4584 

i        ' 

R 

V 

R 

V           R 

V 

R 

V 

R 

V            K 

lOll,  Jiily-Oct. 

1. 00 

1. 00 

1.05 

1.04 

1. 16      1. 15 

1-47 

•47 

1.89' 

.88 

1. 17       1. 17 

191J,  Sq)t.-I9l3,  Fcl). 

1. 00 

I.OO 

1.06 

I.os 

1.22      1. 19 

1.45 

•44 

1.88 

.91 

1. 19      I.JO 

1913,  Aiig.-ic)i4,  Ful). 

1.02 

1.04 

1.08 

1.07 

1.23      1.23 

1-43 

•43 

1.87 

.90 

1.15       1.16 

1914,  Oct.-l9i6,  Jan. 

1.02 

1.02 

1.03 

1.03 

1.20      1.22 

1.40 

.36 

1.83 

•83 

I  •  I  .T          1.15 

1911-1916 

1. 01 

I.OI 

i.os 

1.05 

1.20      1.20 

1-44 

•43 

1.87 

.8X 

I.  17          1.17 

also  to  the  other  emission  lines.  In  Table  J\' 
are  found  several  measures  of  central  absorp- 
tion in  metallic  emission  lines,  and  in  Table  X, 
measures  of  the  absorption  border  of  \  4584. 

The  wide  absorption  borders  on  either  side  of 
the  hydrogen  emission  lines  are  well  known 
features  of  spectra  of  this  class.  In  the  case  of 
/?  T^jras  a  study  of  these  borders  has  led  the 
writer  to  conclude  that  they  are  made  up  of  a 
group  of  narrow  lines.     In  the  case  of  y  Cas- 


of  tile  measures  of  such  lines,  using  for  ab- 
.sciss;e  distances  from  the  centers  of  the  emission 
lines,  and  for  ordinates  the  number  of  measures 
made  within  selected  narrow  limits.  The  posi- 
tions of  the  maxima  of  such  curves  were  assum- 
ed to  correspond  to  the  positions  of  components 
of  the  group,  thus  making  possible  the  determin- 
ation of  the  wave-lengths  of  these  lines. 

A   frequency  curve  of  this  character   for  the 
IIS  line  is  shown  in  F'late  I  of  this  paper.     The 


Pl..VfK  I. 


Di.sTRiruTioN  Curve  of  Me.vsurks  of  X.xrrgw  Compoxkm; 
AiisORPTiox  Borders  of  HS 


siopeiie  the  same  conclusion  is  suggested ;  and 
the  less  complex  character  of  the  hydrogen  lines 
in  this  star  has  tended  to  facilitate  the  study  of 
this  line  structure. 

For  all  of  the  emission  lines  on  all  of  the 
plates  of  Table  VI  the  writer  has  measured  the 
positions  of  the  components  of  the  absorption 
borders  where  settings  were  possible.     At  best 


abscissa:  represent  distances  from  the  center  of 
the  emission  line  in  terms  of  micrometer  turns. 
The  ordinates  are  proportional  to  the  number  of 
lines  measured  on  all  plates  between  limits  of 
five  microns  on  either  side  of  the  plotted  points. 
The  dispersion  at  the  H/3  line  was  too  small 
on  these  plates  to  permit  of  consistent  resolu- 
tion  of   the   component    lines    in   the   absorption 
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borders,  measured  at  H8  and  Hy.     The  relative  been  published  by  Merrill.-    These  measures  are 

weakness  of   the  spectrum  at  He  and  the  ill-  of  especial  value  because  the  variation  of  this 

defined  appearance  of  this  line  have  combined  separation  from  line  to  line  and  from  spectrum 

to   interfere   with   measurements   at   this    point,  to  spectrum  is  obviously  dependent  upon  physical 

But  frequency  curves  have  been  constructed  for  conditions  in  these  stars.     For  the  same  reason 

each  of  the  lines  in  Table  IX  and  from  such  it  is  evidently  desirable  also  to  have  available 

curves  the  data  of  this  table  have  been  obtained,  measures   of  the  actual  width  of  the  emission 

In  this  table,  R  and  V  with  subscripts  refer  to  lines  in  these  spectra  if  such  measures  can  be 

components  in  the  absorption  borders  on  the  side  made  with  an  accuracy  sufficient  to   bring  out 

of  the  emission  line  to  the  red  and  to  the  violet  existing  variations. 

respectively.     The  quantities  in  the  body  of  the  During    his    study    of    the    spectrograms    of 

table  are  distances  in  angstroms  from  the  center  y  Cassiopeiae,  the  writer  has  measured  the  width 

of    emission    lines    to    associated    border    com-  of  the  emission  lines  observed  in  all  cases  where 

ponents.  the    edges   of    such   lines    seemed   well    defined. 

The   average   values  of  the  distances  of   the  Frequently,  and  especially  in  the  cases  of  H8  and 

inner  components,  Vi  and  R^,  from  the  center  of  Hy,  there  was  a  sharp  density  gradient  at  the 

the  corresponding  emission  lines  are  proportional  edge  of  these  lines,  where  the  emission  compon- 

to  the  wave-length  of  these  lines  within  limits  ent  suddenly  gave  way  to  the  wide  absorption 

of  one  or  two  tenths  of  an  angstrom.    This  is  in  border.     It  was  on  this  narrow  gradient  that  the 

agreement  with  the  writer's  conclusions  in  con-  writer  set  the  micrometer  thread  in  determining 

nection  with  these  features  in  the  spectrum  of  the  position  of  the  edge  of  the  emission  line. 

P  Lyrae.    The  average  distances  of  the  compon-  The  results  of  these  measures  of  the  width  in 

ents  in  the  borders  of  the  Hy  in  /?  Lyrse,  from  the  angstroms  of  the  emission  lines  of  H8,  Hy,  and 

center  of  the  associated  emission  line  were  2.68,  H/3  are  given  for  each  spectrogram  in  the  last 

3-94.  5-37,  and  7.01   angstroms,  beginning  with  three  columns  of  Table  VI.     The  mean  results 

the    inner    components.      These    distances    for  for  these  and  other  lines  are  found  in  Tables 

j8  Lyrse  average  only  one  or  two  tenths  of  an  XI,  XII  and  XIII. 

angstrom  less  than  the  corresponding  quantities  Before  making  any  deductions  from  the  meas- 

for  y  Cassiopeiae  and  the  general  resemblance  i,res  of  the  widths  of  the  emission  lines  it  seemed 

between  these  quantities  for  these  two  stars  is  advisable  to  determine  to  what  extent,  if  any,  the 

clearly  suggestive.  measures  of  these  widths  were  affected  by  over- 

and    under-exposure.      Accordingly    the    plates 

TABLE  X.    DISTANCES  OF  BORDER  COMPOX-  .^-gre  surveyed  with  this  in  view  and  the  spec- 

ENTS  FROM  CENTERS  OF  EMIS-  ^            -J          ■  uv.     \       a      c          u                    a 

cirs-K-  T  Tx-T-o  trum   m    the   neighborhood   of    each   measured 

SION  LINES.  ...                 ,     . 
emission  line  was  designated  according  to  den- 

„  sity   as   very   weak,   weak,    normal,   strong   and 

very  strong,  indicated  in  Table  \T  by  the  letters, 

W,  w,  n,  s,  S  respectively.     For  each  line  all 

the  measures  in   each   density  class  were  com- 

bined   into  means   with   results   as  tabulated   in 

•'■^^■^  Table  XI.     From  the  data  of  this  table  it  ap- 

3-54  pears  that  only  in  the  case  of  the  Hj8  line  is 

there  a  clear  dependence  of  the  measured  width 

of  the  line  upon  the  density  of  the  spectrum,  and. 

as  would  be  expected,  the  measured  width  in- 
creases   with    spectral    density.      In    the    visual 

Width  of  Emission  Lines.     Measures  of  the  region  the  Ha  line  exhibits  this  effect  still  more 

separation  of  the  parts  of  the  reversed  emission  strongly,  having  a  bright  core  with  fainter  edges 

lines  in  7  Cassiopeiae  and  other  similar  stars  have  which   increase   greatly   the   apparent   width   of 
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hS 


6. 30  A 
5.10 
40s 
2.47 

2.59 
4.10 
5-21 
6.33? 
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4.28 

2.91  3.42A 

2.80  3.30 
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liiv  liiR'  willi  k'lifitlicned  exposure.  I'liU,  allowing 
for  the  uncertainties  affecting  tlie  results  from 
these  two  lines,  there  appears  to  he  much  mate- 
rial in  the  present  measures  for  comparative 
studies  of  the  widths  of  the  emission  lines  in  the 
spectrum  of  y  Cassiopeije. 

TAIU.K  XI.     AVEKAGE  WIDTHS  OF  EMISvSION 

LINES  GROUPED  ACCORDING  TO 

DENSITY. 


Verv  Weak 


hS 


3-8iA 


X4584 


4. 74  A 


Weak 

4.04 

4 -35  A 

5.5-'A 

509 

Normal 

3.87 

4.46 

5-29 

509 

Strong 

3.86 

4 -.39 

5  29 

5-4^ 

X'ery  Strong 

4-.W 



('omparing  the  measured  widths  in  the  last 
three  columns  of  Table  \'I,  for  any  line  on  dif- 
ferent plates  there  seems  to  be  no  evidence  of  a 
real  variation  in  this  quantity.  Discrepancies, 
very  probably  due  to  uncertainties  of  measure- 
ment, between  measures  of  the  width  of  the 
same  line  on  plates  made  within  a  few  minutes 
of  each  other  are  of  the  same  order  as  the  dif- 
ferences between  results  from  plates  of  different 
nights,  indicating  that  these  differences  may  be 
attributed  to  accidental  errors  of  measurement. 


iveferriiig  lo  the  mean  values  of  Table  .Xill,  it 
is  obvious  that  tiie  width  of  the  emission  lines 
increases  with  increasing  wave-length.  Merrill- 
has  examined  the  separation  of  the  two  parts  of 
the  emission  lines  in  tf>  I'ersei  and  has  found  that 
this  "separation  apparently  varies  linearly  with 
the  wave-length  or  a  little  more  rapidly,  though 
this  is  not  borne  out  by  the  Ha  line."  To  facili- 
tate the  determination  of  the  relation  between 
emission  line  widths  and  wave-length  in  the  sj)ec- 
trum  of  y  Cassiopeise  the  plot  of  Plate  II  has 
been  drawn  with  the  former  as  ordinates  and  the 
latter  as  abscissas.  Apparently  a  linear  relation 
is  strongly  suggested  here.  The  equation  of  this 
line  is  (/A  =  0.001885  (A  —  202.0).  Making  rea- 
sonable allowance  for  increase  in  viidth  of  lines 
due  to  slit  width  and  difiVaclion.  the  constant. 
2020,  becomes  smaller  and  may  approach  zero. 

Relatire  Position  of  Emission  and  Central  Ab- 
sorption. Jn  the  cases  of  a  number  of  the  Class 
1j  spectra  with  reversed  emission  lines  the  nar- 
row absorption  appears  to  be  centrally  super- 
posed upon  the  associated  bright  component. 
But  in  several  cases  the  division  of  the  emission 
line  is  clearly  not  symmetrical.  In  every  case  it 
seems  desirable  that  the  relative  positions  of  the 
centers  of  the  emission  component  and  of  the  re- 
versal should  be  determined  quantitatively  in  so 
far  as  the  measurability  of  the  lines  will  warrant. 
Such  data  may  throw  light  upon  circulation,  pres- 
sure and  temperature  conditions,  and  particularly 


TABLE  XII.    MEAN  WIDTHS  OF  EMISSION  LINES  BY  SEASONS. 


WIDTHS   OF    EMISSION   LINES 


VIURS  .\N-n  MONTHS 


hS 

NO.  OF 
MEAS. 

^^4233 

NO.  OF 
ME.^S. 

117 

NO.  OF 
ME.\S. 

X4584 

MEAS. 
NO.  OF 

Hp 

NO.  OF 
MEAS. 

3. 96  A 

17 

4. 48  A 

3 

4.30A' 

25 

5.23A 

7 

5.I0A 

26 

4.01 

13 

4.18 

3 

4-43 

22 

5-34 

II 

5-04 

23 

3.80 

12 

^■7i 

4 

4.46 

19 

5-32 

5 

5  04 

21 

3-94 

4-' 

4.09 

10 

4.40 

66 

5-30 

'23 

5.06 

70 

1911.  July-October 

1912.  Sept.-I9l3.  Feb. 

1913.  .\ug.-1914.  Feb. 
1911-1014 


Means  of  emission  line  widths  by  seasons  are 
found  in  Table  XII  and  the  final  means  for  all 
lines  measured  are  given  in  Table  XIII.  Of 
variation  from  season  to  season  there  seems  to 
be  no  evidence  in  Table  XII. 


upon  pressure  and  temperature  gradients,  in  the 
atmosphere  of  stars  having  spectra  of  this  kind. 
On  sixty-one  of  the  seventy  plates  in  Table 
\T,  measures  were  made  of  the  relative  positions 
of  the  centers  of  the  emission  lines  and  of  the 
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Tlatf,  II.    Variation  of  Width  of  Emission  Linf,s  with  Wavk-Length. 
Equation  of  Line,  AX ^0.001885  (A  —  2020) 


TABLE  XIII.    FINAL  MEANS  OF  MEASURES  OF 
WIDTHS  OF  EMISSION  LINES. 


W.WE-LENGTHS 

WIDTHS 

ME.^S. 

REMARKS 

3889 

3. 7- A 

I 

Hs 

3970 

3-5- 

4 

\u 

4102 

3.94 

4-' 

HS 

4233 

4.09 

10 

Fe 

4341 

4.40 

66 

H7 

4384 

442 

5 

Fe 

4584 

5 -.30 

23 

Fe 

4862 

5.06 

70 

H/3 

5018 

6.o± 

4 

Fe 

5260 

.S-7± 

S 

Group  of  three  lines. 
X's  5169,  5278,  5,?I7- 

5876 

7..S± 

I 

v>. 

6563 

9- 

2 

Width  of  core.  Ha 

associated  narrow  reversals.  The  results  ex- 
pressed in  kilometers  per  second  for  each  plate 
are  given  with  accompanying  weights  in  columns 
7  and  8  of  Table  \T  in  the  sense,  emission  —  ab- 
sorption (E  —  A).  Only  the  hydrogen  lines,  He, 
H8,  Hy,  and  Hj8  were  used  in  these  determina- 
tions and  no  measure  was  included  unless  both 
the  emission  and  the  absorption  components  were 
observed,  thus  eliminating  errors  due  to  assump- 
tion of  wave-lengths.  The  values  of  E  —  A  were 
combined  into  means  for  each  plate  since,  as 
appears  below,  the  mean  values  indicate  that  this 
quantity  does  not  vary  from  line  to  line  over 
limits  that  would  be  appreciable  here.  In  meas- 
urements of  the  emission  components  of  these 
lines  settings  were  made  on  the  edges  and  also 
upon  the  centers  but  in  the  reductions  only  the 
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latter  were  used.  Indeed  these  bisections  of  wide 
emission  lines  yielded  more  consistent  results 
than  did  the  measures  on  the  narrow  reversals. 

The  velocities  in  column  7  of  Table  VI,  repre- 
senting the  relative  displacements  of  emission 
and  absorption  components  (E  —  A),  in  the 
hydrogen  lines  of  y  Cassiopeia;,  apparently  do  not 
vary  more  than  would  be  expected  of  such  quan- 
tities when  determined  from  relatively  few  spec- 
tral features,  not  well  defined.  That  the  varia- 
tions found  in  these  quantities  are  accidental  is 
supported  by  the  fact  that  the  differences  be- 
tween the  quantities,  E  — A,  for  plates  made  at 
intervals  of  a  few  minutes  on  the  same  night  arc 
no  less  on  the  average  than  those  for  plates  of 
different  nights,  the  average  variation  of  E  —  A 
between  successive  determinations  on  the  same 
night  being  ±  9.4  km.  and  for  different  nights. 
±  8.7  km. 

The  lack  of  probability  of  the  existence  of  a 
periodic  variation  in  the  quantities,  E  —  A,  for 


number  nf  velocities  for  the  velocity  interval  in 
the  first  column. 

The  graphical  representation  of  the  material 
in  Table  XIV  is  made  in  Plate  III.  In  this  plot 
tile   abscissas   are   velocities;    the   ordinates   are 

T.\P.I,F.  XIV.     DISTRIBUTION   BY  VKLOCITIES 
OF  E  —  .\. 


VELOCITY  INTERVAL 


km.  km. 

-27  to  —23 

22  18 


17 


+  3 
8 
13 
18 

4-23 


13 


+    2 
7 


NUMBER  OF  OBSERVATIONS 


20 
15 
10 
5 

n 
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I 
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2U 
15 
10 
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Plate  III.    Distridutiox  Curve  of  Differences  between'  Emission  and 
Narrow  Absorption  Line  Velocities  Compared  with  Error  Curve 


the  hydrogen  lines  of  y  Cassiopei;e  is  well  brought 
out  also  by  a  study  of  the  distribution  curve  of 
the  observations  of  column  7  of  Table  VI,  as 
compared  with  the  probability  curve  according 
to  the  method  proposed  by  Schlesinger.-"  The 
data  for  such  a  distribution  curve  are  found  in 
Table  XI\'  where,  in  column  two  is  given  the 
^  Ast>\)pliysical  Journal,  Vol.  41,  page  162. 


numbers  of  plates.  The  probability  curve  shown 
in  this  figure  corresponds  to  a  probable  error  for 
a  single  determination  of  E  —  A  of  ±5-0  km. 
and  has  a  maximum  ordinate  at  -f-  0.4  km.  These 
values  of  the  probable  error  of  a  single  determina- 
tion and  of  the  maximum  ordinate  of  the  proba- 
bility curve  are  in  satisfactory-  accordance  with 
values  of  these  quantities  found  in  other  ways. 
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Further,  the  plotted  points  in  the  figure  follow 
the  prohahility  curve  as  closely  as  might  be  ex- 
pected in  a  case  of  this  kind.  There  is  no  clear 
indication  that  the  quantity  studied  here  is  vari- 
able. If  a  variation  exists  it  is  probably  small, 
or  it  may  consist  in  a  slow  change  in  a  period 
counted  in  years. 

To  test  the  possibility  of  a  small  slow  change 
from  year  to  year,  or  of  a  variation  from  line  to 
line  in  the  quantity,  E  —  A,  for  y  Cassiopeiie, 
means  of  this  difference  have  been  formed  by 
years  for  each  hydrogen  line,  in  Table  X\'. 
These  means  with  their  probable  errors  aie 
found  in  this  table;  and  in  the  last  two  lineo, 
means  and  probable  errors,  both  in  kilometeis 
and  angstroms,  for  the  whole  set  of  plates.  It  is 
interesting  to  note  that  these  means  for  He  and 
lly  are  persistently  negative  and  for  H8  positive, 
but  such  means  are  so  nearly  of  the  same  order 
as  their  probable  errors  that  there  seems  to  be  no 
reason  to  conclude  that  they  indicate  actual 
divergence  from  the  mean  for  all  the  lines 
Considering  then  the  means  for  all  lines  by  years 
the  results  in  this  table  indicate  within  limits  of  a 
few  hundredths  of  an  angstrom  that  the  quantity. 
E  —  A,  for  the  hydrogen  lines  considered  did 
not  vary  from  year  to  year.  The  final  means  for 
all  the  measures  show  that  it  is  probable  that  the 
quantity,  E  —  A,  did  not  differ  from  zero,  for 
the  hydrogen  lines  measured,  by  an  amount  ex- 
ceeding a  few  hundredths  of  an  angstrom,  or,  in 
other  words,  that  the  absorption  reversals  did  not 
deviate,  on  the  average,  from  the  centers  of  the 
emission  lines  of  hydrogen  by  quantities  greater 
than  this. 

Radial  Velocities.  Seventy  radial  velocities  of 
7  Cassiopeia,  derived  from  spectrograms  made 


on  thirty-five  different  nights,  are  found  in 
column  three  of  Table  \T.  These  velocities  have 
been  made  to  depend  upon  the  emission  and 
central  absorption  components  of  H8  and  Hy  and 
upon  the  emission  component  of  Hj8,  since  these 
features  stand  well  above  all  others  in  this  spec- 
trum in  point  of  measurability.  This  combina- 
tion of  emission  and  absorption  components  into 
means,  which  in  general  would  not  be  wise,  was 
justified  by  the  indication,  brought  out  above,  that 
the  absorption  reversals  occupy  a  fixed  central 
position  in  the  emission  lines  within  limits  that 
are  negligibly  narrow.  As  only  the  three  lines 
mentioned  were  used  here,  the  velocities  in  col- 
umn three  of  Table  ^'I  and  all  the  wave-lengths 
derived  in  this  paper  depend  upon  the  following 
wave-lengths:  4101.92  A  for  H8,  4340.63  A  for 
Hy,  and  4861.53  A  for  H/?;  and  through  the  use 
of  both  their  emission  and  absorption  components 
the  wave-lengths  for  H8  and  Hy  have  had  a 
double  influence  on  the  results.  The  residuals  for 
the  velocities  in  column  three  of  Table  \T  from  a 
grand  mean  of  —  7.3  km.  are  found  in  column 
\\ve  and  the  corresponding  number  of  lines  meas- 
ured with  plate  weights  on  the  system  used 
throughout  this  paper  are  found  in  the  next  two 
columns. 

In  view  of  the  announcement  by  Hartmann 
and  of  the  inclusion  of  y  Cassiopeias  in  lists  of 
spectroscopic  binaries,  it  is  of  interest  to  study 
the  radial  velocities  of  Table  VI  for  indications 
bearing  upon  the  question  of  variability.  And 
apparently  we  may  approach  this  investigation 
in  several  different  ways.  In  the  first  place  we 
may  compare  the  differences  between  velocities 
from  plates  made  at  intervals  of  a  few  minutes 
on  the  same  night  with  differences  for  successive 


T.\BLK  XV.   RELATIVE  DISPLACEMENTS;  EMISSION  MINUS  .VBSORPTIOX  REVERSALS. 


IiI#I'L.\CE.\IE.\Ti  ;    E  —  .\ 

INTEUV.si.S 

HS 

Hu 

H7 

H/3 

ME.\NS 

191 1,  July— Oct. 

—  6.-  ±  10  km. 

-^  I.I  ±  1.6  km. 

^  1 . 2  ±  1.2  km. 

^  15.- ±5.- km. 

-!-o.32±  1.0  km. 

1912,  Sept. — 1913,  Feb. 

—  j.-±  10 

-f  2.9it  2.1 

—  i.8±  1.6 

+    8.3  ±4-- 

+  0.77  ±  1.2 

1913,  Aug.— 1914,  Feb. 

.  -  _  ■+:    - 

-|-3.4±2.o 

~2.7±  1.6 

—    3-4  ±4-- 

—  o.44±  I.I 

101 1 — 1914 

— 'So  —    5-- 

-1-2. 3±  I.O 

—  i.8±o.8 

4-  4-.=;±3-- 

+  0.24  ±0.63 

1911—1914 

—  0.072  A 

+  0.032.1 

—  0 .  oj6  .\ 

^   0.073  A 

—  0.004  —  O.OIO  .\ 
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plates  of  (iitTcrciU  nights.  Apparently,  if  the 
star's  velocity  is  variable  in  a  i)eriocl  of  a  few  days 
or  weeks,  the  latter  dittercnces  should  exceed  the 
former  on  the  average.  In  Table  XVI  these  dif- 
ferences are  compared  for  each  season  and  for 
the  entire  series  of  plates.     On  the  average  the 

TAHLK  XVI.    VELOCITY  DIFFERENCE  FOR 
SL'CCESSIVE  PL.\TES. 


191 1 
1912-1913 
1913-1914 
iqii-1914 


DIFFEREN'CES  rOR 
S.\ME  .VICHT 


DIFFERENCES  FOR 
DIFFERENT  NIGHTS 


:  5.1  kr 
4-9 
7.6 


6.8 
5-9 
6.- 


crror  of  the  average  plate,  determined  fnjin  the 
internal  line  residuals,  with  the  element  of  error 
known  to  arise  normally  from  instrumental 
sources,  systematic  measurement  errors,  etc., 
thereby  deriving  a  probable  error  for  a  single 
[jlatc  which  should  agree  closely  with  values  of 
this  same  quantity  obtained  from  the  residuals 
of  column  four  of  Table  \T,  unless  the  velocities 
of  this  table  are  variable.  Following  this  pro- 
cedure we  find  the  probable  error  of  the  average 
plate  of  Table  \T,  determined  from  the  internal 
line  residuals,  to  be  dz  3.0  km.  Assuming  that  the 
uncertainties  due  to  instrumental  sources,  sys- 
tematic measurement  errors,  etc.,  average  ±1.0 
km.  we  obtain  a  value  of  ±  3.1  km.  for  the  prob- 
able error  of  a  single  average  plate.  From  the 
residuals  of  Table  \T  we  obtain  a  value  of  ±  3.3 
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Plate  I\'.    Compakisox  of  Distribution  Curve  of  Velocities  of 
7  Cassiopeiae  with  the  Probability  Curve 


diflferences  for  different  nights  are  sHghtlj'  in 
excess  of  those  for  the  same  night  but  this  excess 
is  ver>'  probably  due  largely  to  accident,  as  the 
results  for  1913-1914  seem  to  indicate,  or  possibly 
in  part,  to  the  constancy  of  instrumental  errors 
for  plates  made  in  rapid  succession.  However, 
if  we  consider  this  difference  real,  it  suggests  a 
velocity  variation  of  about  five  kilometers  for 
y  Cassiopeia?,  if  the  period  is  measured  in  days 
or  weeks.  Apparently  many  observations  would 
be  required  to  establish  the  reality  of  such  a 
variation. 

Again  we  may  examine  the  evidence  of  velocity 
variation  for  y  Cassiopeia  on  the  basis  of  prob- 
able errors.    Thus,  we  may  combine  the  probable 


km.  for  this  quantity.  If  we  assume  that  this 
difference  between  3.1  and  3.3  is  due  to  variable 
velocity  of  y  Cassiopeia;  and  if  the  velocities  of 
Table  VI  be  considered  to  be  well  distributed  over 
a  velocity  curve  not  far  from  circular,  the  double 
amplitude  of  such  a  curve  would  be  about  four 
kilometers. 

Again,  to  detect  evidence  of  variation  in  the 
velocities  of  Table  VI,  we  may  compare  their 
frequency  or  distribution  curves  with  the  proba- 
bility curve  in  the  manner  employed  above  for 
the  quantities,  E  —  A.  In  the  upper  curve  of 
Plate  I\'  this  is  done  for  the  individual  velocities 
with  ordinates  corresponding  to  numbers  of 
plates.     The  probabilitv"  curve  corresponds  to  a 
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TAr.I.E  X\'II.     RADIAL  VELOCITIES  OF  GAMMA  CASSIOPEIAE  AVERAGED  BY  SEASONS. 


R.MJl.VL  VKLOCmiiS 

ErocHS 

h5  kmiss. 

n5  .\PS. 

H7  KMISS. 

317  AES. 

H/3  I-.MISS. 

mi;  AX 

km. 

km. 

km. 

km. 

km. 

km. 

191 1,  Sept. 

—  io.6±  1.3 

—  12.S±  1.8 

—  5-5±  10 

—  5-4±  1-4 

~7-5±i-5 

—  8.o±o.j7 

1912,  Dec. 

—   7.o±2.8 

-   8.o±  1.6 

—  9-2±  1.5 

-8.S±i.6 

—  9-4±  IS 

—  8.5  :io.74 

1913,  Nov. 

—     2.6±2.0 

-   5.6±2.o 

—  4.o±  1.2 

—  i.7±i.7 

-8.7±i.5 

-4.9  ±0.84 

1911  to  1914 

—   8.9±  i.o 

—  6.3±o.6 

—  5.1  ±0.9 

-8.:;±o.8 

—  7.21  _:  0.40 

probable  error  for  a  single  average  plate  of 
±  3.50  km.,  with  maximum  ordinate  at  —  /.^ 
km.  Ill  the  curve  of  Plate  V'  the  plates  are 
grouped  by  nights  into  normal  places.  The  prob- 
ability curve  here  corresponds  to  a  probable 
error  of  ±  2.50  km.  and  the  maximum  ordinate 
is  at  —  7.5  km.  There  seems  to  be  nothing  in 
this  comparison  to  indicate  that  the  velocities  of 
Table  VI  are  variable  in  a  short  period. 

There  remains  the  possibility  that  there  is  a 
slow  variation  in  the  velocity-  of  y  Cassiopeise  in 
a  period  to  be  counted  by  years.  To  test  this,  the 
velocities  of  Table  VI  have  been  combined  into 
means  by  seasons  in  Table  XV^II  for  each  meas- 
ured feature  separately.  E  and  A  denote  emis- 
sion and  absorption  respectively  and  the  probable 
errors  in  the  last  coluinn  are  based  on  the  final 


mean  of  —  7.2  km.  and  thus  are  larger  than  they 
would  be  if  based  on  the  means  by  years.  The 
differences,  E^ — A,  which  may  be  read  from  this 
table  differ  by  unimportant  amounts  from  similar 
differences  derived  above.  These  differences 
arise  because  all  measures,  whether  both  com- 
ponents are  present  or  not,  are  included  here. 
The  velocities  in  this  table  do  not  establish  any 
changes  from  line  to  line  or  from  year  to  year 
but  they  do  leave  open  the  possibility  of  a  slow 
variation  with  a  period  and  amplitude  similar  in 
character  to  that  apparently  suspected  by  Hart- 
mann.  Apparently  the  observations  now  avail- 
able are  not  sufficient  to  give  y  Cassiopeia  a  place 
in  catalogs  of  established  spectroscopic  binaries. 
In  addition  to  the  radial  velocities  discussed 
above  a  number  of   determinations   were  made 


Plate  V 


Comparison'  of  Distribution  Curve  of  Velocities  of  y  Cassiopeiae 
BY  Nights  with  the  Probability  Curve 
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from  lines  of  very  poor  quality.  Such  results  and  review  of  puljlished  radial  velocities  and 
are  based  on  the  wave-lengths  given  in  the  last  wave-lengths  of  this  star;  a  study  of  the  wave- 
column  of  Table  IV.  They  are  assembled  for  lengths  and  intensity  of  the  measurable  lines  be- 
thc  wliolc  series  of  plates  in  the  following  table,  twecn  H^  and  Ha  on  seventy-five  spectrograms 

TABLE  XVIII.    RADIAL  VliLOCITIKS  DERIVED  FROM  INFERIOR  LINES. 


1 1  .N  i; 

ELEMENT 

COMPONENT 

VELOCITY 

PROli.  ERROR 

NO.  OF 
MEASURES 

K 

Ca. 

Absorption 

—  3.5km.  t 

±  2.0  km. 

38 

He 

H. 

Emission 

-f3-2 

±4-5 

5 

He 

H. 

Absorption 

—  i.i 

±2.8 

29 

X4045 

He. 

-Absorption 

-1-4.0 

±  2.0 

51 

H/S 

H. 

Absorption 

—  3-9 

±3.6 

8 

Combining  all  radial  velocities  of  y  Cassiopei;e 
measured  at  Ann  Arbor  into  a  final  mean,  with 
weights  based  upon  probable  errors,  the  result 
for  the  epoch  of  these  observations  (1912.8  ±) 
proves  to  be  —  6.4  ±  0.6  km.  The  inclusion  of 
results  from  inferior  lines  may  improve  the  final 
value  through  the  use  of  more  varied  data  but  it 
actually  increases  the  computed  probable  error 
of  the  mean.  The  final  mean  of  the  Ann  Arbor 
velocities  of  y  Cassiopeias  is  compared  below  with 
the  results  of  other  observers. 


K.M.  PERSEC. 

Vogcl  and  Schciiicr 

1888-9, 

—  3-5 

Hartman,  1900-06, 

-8.5 

Campbell,   1896, 

—  2.6 

Moore,  1903, 

-2.8 

Merrill,  1910-11, 

-6.4 

Merrill,  1912, 

—  2.6 

Curtiss,  1912.8, 

-6.4 

SUMMARY 

The  foregoing  paper  is  the  second  of  a  con- 
templated series  of  studies  of  bright  line  stellar 
spectra  of  Class  B.  The  present  report  is  devoted 
more  particularly  to  a  consideration  of  the  spec- 
trum and  radial  velocity  of  the  star,  y  Cassiopeise. 
The  investigations  of  the  present  paper  include: 
a  study  from  several  points  of  view  of  the  sub- 
group of  stellar  spectra  of  Classes  B  to  F,  con- 
taining emission  lines ;  a  review  of  the  published 
observations  of  the  spectrum  of  y  Cassiopeiae ; 
a  discussion  of  the  evidence  relating  to  the  varia- 
bility of  features  in  this  spectrum ;  a  tabulation 


of  y  Cassiopei;e  made  at  the  Detroit  Oljservatory 
in  the  years,  191 1  to  1914;  quantitative  studies  of 
structures  of  the  emission  lines  in  these  spectro- 
grams ;  and  determinations  and  critical  discussion 
of  radial  velocities  from  seventy  spectrograms  of 
y  Cassiopeia;  made  at  this  Observatory. 

The  principal  deductions  from  a  study  of  the 
sub-group  of  stellar  spectra  of  Classes  B  to  F, 
containing  emission  lines  are  : 

1.  These  spectra,  so  far  as  known,  tend 
strongly  to  group  within  the  B  division  of  the 
Draper  Classification. 

2.  The  apparent  brightness  of  stars  with  these 
spectra  is  much  greater  on  the  average  for 
Classes  Bo  to  B5  than  for  Classes  B8  to  A2. 
]\Iagnitude  appears  to  become  fainter  on  the 
average  in  stars  of  so-called  greater  effective  age 
in  this  sub-group. 

3.  The  strength  referred  to  the  neighboring 
continuous  spectrum  and  number  of  the  emission 
lines  of  hydrogren  in  these  spectra  are  not  clear- 
ly dependent  upon  spectral  class,  or,  in  other 
words,  upon  so-called  effective  age,  so  far  as 
available  data  go. 

4.  From  ^lerrill's  study  of  thirty-eight  of 
these  spectra  in  Class  B,  it  appears  that  the  metal- 
lic emission  lines  tend  to  occur  only  in  the  early 
sub-divisions  of  this  class  or,  in  other  w'ords, 
under  conditions  thought  to  characterize  stars  in 
the  earlier  stages  of  development  in  this  sub- 
group. And  when  these  lines  occur  they  are 
stronger  on  the  average  when  the  hydrogen  emis- 
sion is  stronger. 


UXI\  ERSITY  OF  MICHIGAN' 


The  principal  results  of  the  published  investi- 
gations of  the  spectrum  of  y  Cassiopeia  by 
former  observers  are : 

1.  The  spectrum  of  y  Cassiopeia  is  of  Class 
B,  with  the  hydrogen  lines  of  the-  Hnggins  series 
from  H^  to  Ha,  each  consisting  of  a  wide  emis- 
sion line  apparently  superposed  upon  a  very  wide 
and  diffuse  absorption  band.  Except  in  the  case 
of  Ha  the  wide  emission  line  is  centrally  re- 
versed. In  addition  to  the  presence  of  the  hydro- 
gen emission  this  spectrum  differs  from  the  norm 
of  Class  B  in  the  occurrence  of  faint  D3  emission 
of  helium  and  of  many  metallic  emission  lines, 
largely  due  to  iron,  and,  probably  without  excep- 
tion, foimd  in  the  bright  line  spectrum  of  the 
solar  chromosphere.  The  dark  Orion  lines  in 
this  spectrum  are  weak  and  ill-defined. 

2.  Visual  observations  have  indicated  that  the 
emission  lines,  Hj8,  D,  and  Ha  were  strongly 
variable  in  intensity  in  the  period,  1872-1888;  the 
photographic  record,  which  was  obtained  since 
that  time,  reveals  no  certain  variation  in  these 
lines  or  in  other  emission  lines. 

3.  The  hydrogen  emission  lines  decrease 
rapidly  in  intensity  in  succession  toward  the 
violet.  At  the  same  time  the  broad  underlying 
dark  band  and  the  narrow  dark  reversal  become 
more  conspicuous,  so  far  as  observed,  as  the 
bright  bands  become  fainter. 

4.  Tests  of  the  H/8  line  have  not  revealed  any 
certain  polarization. 

5.  A  variation  in  the  radial  velocity  of  y  Cas- 
siopeia, announced  by  Hartmann,  is  not  con- 
firmed by  observations  made  at  Lick  Observatory 
up  to  ^larch,  1910. 

The  writer's  deductions  from  his  review  of  the 
published  observations  of  the  spectrum  of  y  Cas- 
siopeia are : 

1.  Indications  of  uncertainty  affecting  visual 
observations  and  the  constancy  of  the  photo- 
graphic record  make  doubtful  the  physical  real- 
ity of  the  reported  capricious  changes  during  the 
era  of  visual  observations  (1872-1888)  in  the 
brightness  of  the  emission  lines  of  H/8,  D3,  and 
Ha.  Evidence  of  variation  in  the  metallic  emis- 
sion lines  is  not  conclusive. 

2.  The  success  attending  visual  observations 
of  D3  emission  in  the  interval  from  1872  to  1888 
indicates  that  this   feature  of  the  spectrum  of 


y  Cassiopeia  probably  has  been  stronger,  at  least 
periodically,  than  at  present. 

3.  The  twenty-five  radial  velocities  derived 
at  Potsdam  and  the  Lick  Observatory  support 
the  conclusion  that  more  observations  would  be 
necessary  to  establish  the  reality  of  Hartmann's 
annoimced  variation. 

The  principal  results  of  the  study  of  the  spec- 
trograms of  y  Cassiopeia  made  at  Ann  Arbor 
are  as  follows : 

1.  Determinations  have  been  made  of  the 
wave-lengths  and  intensities  of  112  features  from 
Ht  to  Ha  in  this  spectrum,  with  many  suggested 
identifications. 

2.  It  appears  that  the  b  group  of  magnesium 
is  not  certainly  present  in  this  spectrum. 

3.  Comparison  of  wave-lengths  measured  in 
this  spectrum  by  ^liss  ^laury,  Sidgreaves,  Baxan- 
dall,  ^ilerrill,  and  the  writer,  indicates  similarity 
in  characteristics  at  different  epochs. 

4.  In  the  Ann  Arbor  spectrograms  (1911- 
1914)  there  has  been  found  no  evidence  of  real 
variation  from  plate  to  plate  or  from  year  to 
year  in  the  intensity  of  the  emission  lines  of  H8, 
Hy,  H^,  D.J  Ha  and  of  the  metallic  emission 
lines,  nor  in  the  central  absorption  of  He,  H8, 
Hy,  Hj8  and  the  metallic  lines,  nor  in  the  dark 
A  4026  and  the  K  line.  Estimates  of  the  intensity 
relatively  to  the  neighboring  continuous  spectrum 
of  the  two  parts  of  the  emission  components  of 
A  4584  and  the  hydrogen  lines,  lU,  lU,  HS,  Hy 
and  H/?,  furnish  no  clear  indication  of  variation 
in  the  relative  brightness  of  these  features  of  the 
spectrum  of  y  Cassiopeia.  The  indication  is 
that  constancy  was  the  rule  in  this  spectrum  dur- 
ing the  period  of  these  observations. 

5.  The  metallic  emission  lines  share  the  well 
known  structure  of  the  hydrogen  lines. 

6.  The  wide  absorption  borders  of  the  emis- 
sion lines  are  probably  resolvable  into  narrow 
components.  Narrow  components  of  these  ab- 
sorption borders  measured  in  this  spectrum  re- 
semble those  observed  by  the  writer  in  the  spec- 
trum of  /?  Lyra,  in  point  of  distance  from  the 
center  of  the  corresponding  emission  line. 

7.  Measures  of  the  widths  of  the  emission 
lines  on  the  Ann  Arbor  plates  of  y  Cassiopeia 
indicate  no  real  changes  in  these  quantities  from 
plate  to  plate  nor  from  year  to  year. 
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S.     A  linear  relation, 

rfA— -0.001885  (A  —  2020), 
bclwceii  measured  width  and  wave-length  of  all 
emission  lines,  is  strongly  suggested  in  the  spec- 
trum of  7  Cassiopeia;.  On  correction  of  meas- 
ured line  widths  for  slit  width  and  diffraction, 
the  constant,  2020,  becomes  smaller  and  may- 
approach  zero. 

9.  Determinations  of  the  relative  position  of 
emission  and  central  absorption  of  lie,  118,  Hy, 
and  11/3  for  sixty-one  Ann  y\rbor  spectrograms 
do  not  indicate  any  real  variation  in  this  quan- 
tity from  line  to  line,  from  plate  to  plate,  nor 
from  year  to  year.  If  periodic  variations  exist 
they  are  probably  small  or  so  slow  that  observa- 
tions covering  many  years  would  be  required  to 
reveal  them. 

10.  The  absorption  reversals  occupy  the 
centers  of  the  emission  lines  of  hydrogen  within 
limits  of  a  few  hundredths  of  an  angstrom  on  the 
average  and  no  certain  deviation  from  this  rule 
is  found  for  individual  lines. 

11.  Radial  velocities  determined  from  seventy 
spectrograms  of  thirty-five  different  nights  in 
the  years,  191 1  to  1914,  establish  no  variations 
from  line  to  line,  from  plate  to  plate,  nor  from 
year  to  year. 

}>.  A  study  of  probable  errors  and  a  com- 
parison of  the  distribution  of  the  Ann  Arbor 
observations  with  the  probability  curve  indicate 
independently  that  there  is  no  periodic  variation 
in  the  radial  velocity  of  7  Cassiopeije  greater 
than  a  few  kilometers  in  range  unless  the  cycle 
covers  many  years. 

13.  The  final  radial  velocity  of  7  Cassiopeias 
from  all  the  Ann  Arbor  spectrograms  is 
—  6.4  ±  0.6  km.,  for  the  epoch,  1912.8.  Combin- 
ing all  other  known  measures  except  those  of 
X'ogel  and  Scheiner,  assigning  equal  weight  to 
each  determination,  the  radial  velocity  of  this 
star  is  found  to  be  — 5.8  km.  The  final  velocity 
based  on  all  known  measures  is  — •  6.2  km. 

CONCLUSION. 

\^'ith  further  studies  in  view  of  stellar  spectra 
similar  to  that  of  7  Cassiopeia,  an  exhaustive 
discussion  of  the  material  now  at  hand  might 
well  be  deferred.  It  remains  to  consider  briefly, 
in    connection    with    the    results    available,    the 


theories  which  have  been  proposed  to  account  for 
the  peculiarities  of  7  Cassiopeia's  spectrum  and 
for  the  characteristics  of  the  sub-group  to  which 
this  star  belongs. 

In  1867,  Iluggins"'  inferred  that  the  nearly 
uniform  light  of  7  Cassiopeia  suggested  that  the 
luminous  hydrogen  in  this  star  forms  a  normal 
part  of  the  photosphere.  About  twenty-three 
years  later,  with  much  more  information  on 
which  to  base  a  conclusion,  Scheiner-'  proposed 
two  explanations  for  the  presence  of  bright  lines 
in  the  spectra  of  stars  like  7  Cassiopeise:  first, 
that  they  are  produced  by  an  atmosphere  of 
hydrogen  and  helium  at  a  higher  temperature 
than  the  nucleus ;  second,  that  they  are  due  to 
radiation  from  an  atmosphere  so  extensive  that 
the  emissive  spectrum  of  those  portions  of  the 
atmosphere  which  project  out  beyond  the  star's 
real  disk  when  super]>osed  upon  the  absorption 
spectrum  of  the  central  parts  overpowers  it. 
The  second  explanation  was  offered  by  Scheiner 
as  the  more  reasonable  one  and  in  this  form  is 
probably  generally  accepted  today  to  account  for 
the  bright  lines  in  stellar  spectra  of  Classes  B  and 
A.  In  extension  of  this  explanation  Scheiner 
suggested  that  the  width  of  the  lines  in  these 
s])ectra  was  dependent  upon  the  density  of  the 
atmosphere  emitting  them,  and  their  structure 
u])on  its  density  gradients. 

In  1894,-'*  Scheiner  had  not  accepted  Camp- 
bell's observations  of  a  bright  Ha  coexistent  with 
a  dark  H/3  line.  Apparently  also  he  was  not 
aware  that  the  hydrogen  lines  beyond  Hf,  in  the 
spectrum  of  7  Cassiopeise,  are  dark  or  neutral. 
Frost-"  and  Kayser^"  pointed  out  that  such  a 
condition  was  not  necessarily  inconsistent  with 
Kirchhoft"s  Law  and  Scheiner,^^  in  1908,  ac- 
counted for  it  very  simply  on  the  basis  of  his  own 
theory  of  an  extensive  atmosphere.  It  was  neces- 
sary only  to  add.  the  assumption  that  the  hydro- 
gen emission  lines  decrease  in  intensity  toward 
the  violet  much  as  they  do  in  the  vacuum  tube. 
Superposed  on  the  corresponding  absorption  lines 

"  Schcincr's      Astronomical      Spectroscopy.       Frost's 
Translation,  page  250. 
^  Ibid.,  page  viii. 

^  Astropliysical  Journal,  Vol.  2,  page  182. 
^  Handbuch  dcr  Spectroscopic,  Vol.  II.  page  356. 

.-Istrophysical  Journal,  Vol.  14,  page  313. 
"  Popu'.drc  Astrophysik,  page  592. 
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produced  by  the  atmosphere  iiiiinediately  in  front 
of  the  nucleus,  the  visibility  of  the  bright  lines, 
beginning  with  the  brightest,  Ha,  in  comparison 
with  the  continuous  spectrum,  depends  upon  the 
extent  and  effective  luminosity  of  the  atmospheric 
projection,  the  strength  of  the  neighboring  con- 
tinuous spectrum  and  the  character  of  the  back- 
ground, for  each  line. 

The  hypothesis  of  an  extensive  atmosphere 
seems  not  inconsistent  with  the  facts  brought  out 
above  with  reference  to  the  spectrum  of  y  Cas- 
siopeise.  The  constancy  of  the  spectrum  now 
observed  and  the  variation  suspected  formerly  in 
■y  Cassiopeicr  and  observed  clearly  in  other  stars 
such  as  Pleione  and  f^  Cygni,  seem  not  to  nega- 
tive this  hypothesis  in  any  way.  The  similar  na- 
ture of  the  hydrogen  and  metallic  emission  lines 
suggests  certain  interesting  conclusions  with  ref- 
erence to  the  distribution  of  these  substances.  It 
might  indicate  that  hydrogen  and  iron  at  least 
were  well  mixed  in  such  an  extensive  atmosphere, 
and  the  fitting  in  of  the  widths  of  the  metallic 
emission  lines  with  those  of  the  hydrogen  lines 
would  suggest  an  identical  cause  of  widening. 
The  symmetrical  structure  of  the  emission  lines 
and  the  central  position  of  the  narrow  absorption, 
considered  as  a  reversal,  should  throw  light 
upon  the  causes  of  broadening  of  spectral  lines 
in  an  extensive  atmosphere. 

In  connection  with  the  very  wide  emission 
lines  in  y  Cassiopeia,  conditions  known  to  pro- 
duce small  effects  are  clearly  of  secondary  im- 
portance. Such  may  be  the  Doppler  eft'ect  of  the 
component  of  velocity  of  the  vibrating  particle 
in  the  line  of  sight,  changes  of  pressure,  and 
possibly  disturbances  due  to  the  presence  of  free 
electrons. 

A  source  of  apparent  line  broadening  which 
may  produce  important  effects  in  the  supposedly 
extensive  atmosphere  of  stars  like  y  Cassiopeia, 
is  great  thickness  of  the  incandescent  stratum  of 
vapor.  Scheiner^-  states  that  the  spectroscopic 
equivalence  of  the  density  and  thickness  of  such 
an  incandescent  gaseous  stratum  renders  more 
difficult  the  formation  of  an  opinion  as  to  the 
constitution  of  a  celestial  object  from  the  ap- 
pearance of  its  spectrum  and  Zollner  expresses 

"  Schciucr's  Astronomical  S/^cctroscol'v.  Frost's 
Translation,  page  130. 


himself  in  similar  vein.  Kayser"'  and  others, 
point  out  that  the  width  of  a  line  is  increased  by 
the  thickness  of  the  radiating  layer  only  when 
the  intensity  curve  of  such  a  line  falls  oft'  grad- 
ually to  the  edge.  It  is  a  question  then  to  how 
great  an  extent  this  factor  has  affected  the  lines 
in  this  spectrum.  According  to  Scheiner  the 
effect  of  increased  thickness  of  the  radiating 
stratum  is  to  reduce  the  difference  in  brightness 
of  two  contiguous  parts  of  the  spectrum.  The 
intensity  curves  of  the  emission  lines  in  the 
spectrum  of  y  Cassiopeiag  seem  not  inconsistent 
with  the  hypothesis  of  an  extensive  atmosphere 
having  the  function  of  a  radiating  stratum. 

Possibly  the  factor  of  greatest  potency  in  in- 
creasing the  width  of  single  lines  in  stellar  spec- 
tra is  thought  to  be  vapor  density.  In  a  star  with 
a  spectrum  of  Class  B  it  is  well  known  that  the 
mean  density  is  probably  very  low  and  that  the 
greatest  density  of  the  radiating  gaseous  stratum 
may  be  less  than  that  of  the  earth's  atmosphere 
at  sea  level.  However  the  combination  of  pres- 
sure and  temperature,  both  probably  high,  may  be 
competent  to  produce  much  of  the  widening  of 
lines  actually  observed.  But  widening  of  lines 
through  pressure  is  inseparably  bound  together 
with  change  of  wave-length,  and  atmospheric 
pressure  can  hardly  exist  without  pressure  and 
density  gradients.  The  narrow  reversals  of  the 
emission  lines  of  y  Cassiopeise  indicate  that  such 
gradients  exist,  associated  also  with  reasonable 
temperature  gradients.  It  would  be  thought  then 
that  such  reversals,  produced  under  lower  pres- 
sure conditions,  would  not  occupy  the  center  of 
these  very  wide  emission  lines  even  within  limits 
determinable  with  a  single-prism  spectrograph. 
However  balancing  causes  may  be  at  work.  In- 
deed the  actual  maximum  of  the  emission  lines 
from  the  lower  stratum  may  be  strongly  dis- 
placed by  pressure  but  such  maxima  differing  in 
position  for  different  layers  might  not  form  any 
well  defined  feature  when  combined  in  the  in- 
tegrated line  and  might  be  masked  in  any  given 
star  by  several  factors  tending  to  smooth  out  the 
intensity  curve  of  an  emission  line. 

Among  the  factors  tending  to  alter  or  smooth 
out  the  intensity  curves  of  the  emission  lines  in 
the  spectrum  of  y  Cassiopeire  great  thickness  of 

"'Haiidl'Hch  dcr  Sl^ectroscol^ic.  pages  246.  256. 
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the  emissive  strata  lias  been  iiicntipned.  A  second 
possible  factor  is  rotation.  We  do  not  know  to 
how  great  an  extent  tiic  atmosphere  at  various 
levels  shares  in  the  rotation  of  early  stars  nor 
iiow  rapid  such  rotation  may  be,  though  in  some 
cases  it  has  been  thought  to  be  rapid  enough  to 
result  in  fission  and  the  assumption  of  strongly 
ellipsoidal  form.  If  the  angular  rotation  of  the 
atmosphere  is  as  rapid  as  that  of  the  nucleus, 
the  center  of  the  line  corresponding  to  high 
levels  will  be  broadened  most  thus  tending  to 
equalize  the  density  of  the  line  over  its  width 
and  also,  of  course,  the  total  width  of  the  line 
may  be  increased.  The  relatively  small  width 
of  the  central  absorption  in  the  emission  lines  of 
y  Cassio])eis's  spectrum  may  indicate  that  rota- 
tion does  not  play  a  very  important  role  in  tiie 
case  of  this  star. 

Atmospheric  circulation,  which,  as  the  presence 
of  iron  vapor  probably  at  high  levels  seems  to 
indicate,  may  be  rapid  and  far  reaching  in  the 
case  of  y  Cassiopeia,  could  affect  very  appre- 
ciably the  intensity  curves  of  the  emission  lines 
in  this  spectrum.  Probably  the  effects  of  the 
radial  comi)onent  of  motion  in  such  currents 
would  be  a  widening  of  the  lines  and,  since  the 
ascending  currents  would  be  more  highly  emis- 
sive and  more  effective  on  the  side  of  tlie  star 
toward  the  observer,  a  displacement  toward  the 
violet.  In  the  outer  strata,  producing  the  narrow 
absorption  lines,  such  currents  would  probably 
not  be  so  eft'ective.  Thus  we  might  expect  an 
apparent  displacement  of  the  emission  line  to  the 
violet  with  reference  to  the  reversal.  This  might 
balance  or  even  overcome  in  some  cases  the  op- 
posite relative  di.'^placement  due  to  pressure.  In 
this  way  the  central  position  of  the  narrow  re- 
versals in  the  emission  lines  of  y  Cassiopeise  may 
be  accounted  for  even  though  the  chief  cause  of 
widening  is  vapor  density  due  to  pressure,  com- 
bined with  high  temperature. 

The  probability  that  the  Zeeman  or  Stark 
effects  are  important  among  the  factors  affecting 
the  intensity  curves  of  emission  lines  in  y  Cas- 
siopeia; seems  small  in  view  of  the  tests  for  polar- 
ization and  separation  made  by  Merrill.-  And 
other  suggested  explanations  such  as  the  relative 
motion  of  two  stars,  mav  be  dismissed  without 


discussion.  At  present,  Ekman's'"  resonance 
theory  to  account  for  the  widening  of  spectral 
lines  is  developed  hardly  far  enough  for  appli- 
cation here. 

The  approximately  linear  relation  between 
emission  line  widths  and  wave-length,  found  in 
y  Cassiopeia:,  seems  consistent  with  hypotheses 
of  widening  due  to  rotation  and  convection  cur- 
rents. Not  enough  is  known  about  this  relation 
for  lines  widened  by  vapor  density  or  pressure 
to  draw  definite  conclusions  but  it  seems  at  least 
unexpected  that  the  iron  and  hydrogen  emission 
line  widths  in  y  Cassiopeia,  if  they  are  due  to 
vapor  density  and  pressure  combined  with  high 
temi)erature,  should  together  bear  any  simple 
relation  to  wave-length.  However,  at  least  the 
fact  of  increase  of  width  with  wave-length  for 
lines  broadened  by  vapor  density  accords  with 
theory  and  experiment. 

It  may  be  suggested  that  the  possible  role  of 
electrical  discharge  must  not  be  forgotten  in 
connection  with  the  light  of  these  stars.  In  hot 
stars  of  low  density,  convection  currents  and 
other  relative  internal  motions  may  produce  great 
electrical  disturbances  with  discharge  which,  es- 
pecially in  low  pressure  regions,  may  pass  very 
freely.  At  least  part  of  the  light  emitted  by  the 
atmosphere  of  y  Cassiopeise  may  be  accounted 
for  in  this  way.  It  is  well  known  that  the  lines 
of  a  gas  through  which  an  electric  spark  is  pass- 
ing are  broadened  even  under  relatively  low 
pressures.  Possibly  the  emission  lines  in  the 
spectrum  of  y  Cassiopeias  have  been  broadened 
in  this  way.  If  so,  a  lack  of  appreciable  displace- 
ment in  them  might  not  be  unexpected. 

Referring  to  the  sub-group  of  stars  to  which 
y  Cassiopeiae  belongs  Scheiner  in  Die  Spectral- 
atialysc  dcr  Gcstirne'^^  makes  the  statement: 
"There  can  be  nothing  more  natural  than  to 
assume  that  the  stars  of  Class  Ic  (exemplified  by 
y  Cassiopeic-e  and  ^  Lyrae),^^  which  have  far 
more  powerful  atmospheres  than  those  of  Class 
la,  are  in  a  preliminary  state  from  which  they 
"  Annalcn  dcr  Physik,  Vol.  24,  page  580. 
^  Schciner's  Astronomical  Spcctroscofy.  Frost's 
Translation,  page  250.     See  reference  27. 

"  Parentheses  inserted.  These  stars  are  cited  as  types 
in  Frost's  translation  of  Schetner's  Astronomical  Spec- 
troscopy. 
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will  pass  over  gradually  into  that  of  Class  la 
(exeniplified  by  \'ega  and  Sirius).^^  They  would 
therefore  be  considered  as  representing  the 
earliest  or  "youngest"  phase  of  stellar  evolution." 
Scheiner  reiterates  this  view  as  a  possibility  in 
hisi  Popitliirc  Astrophysik,""  and  at  least  one  other 
authority^'  has  expressed  agreement  in  the 
opinion  expressed  in  the  first  sentence  quoted. 

On  the  other  hand  IMiss  Gierke'*  considered 
that  the  passage  of  dark  line  helium  stars 
through  a  bright-line  phase  can  be  inferred  to 
occur  by  exception  in  stellar  history  as  a  conse- 
quence perhaps  of  peculiarities  of  internal  con- 
stitution, perhaps  of  unusual  external  influences. 

Quite  recently  Doctor  P.  W.  MerrilP"  has  ob- 
served two  bright  line  stars  of  Glass  A  and  Class 
A2  and  has  found  that  the  characteristics  of  these 
two  stars  in  the  spectral  region  studied  appear  to 
be  the  same  as  those  of  bright  line  stars  of 
Class  B.  Also  nine  spectra  of  Class  Oe5  were 
photographed  to  test  their  relation  to  bright  line 
spectra  of  Class  B,  since  it  is  to  be  expected  that 
bright  Ha,  at  least,  would  be  found  in  a  consider- 
able proportion  of  Class  Oe5  spectra  if  they  pre- 
cede immediately  in  evolutionar}-  order  those  of 
Glass  B  and  if  the  bright  line  spectra  of  the 
latter  class  are  those  of  stars  particularly  early  in 
development.  But  no  bright  lines  were  found. 
On  the  basis  of  the  evidence  at  hand  it  was  not 
possible  to  assign  stars  with  bright  line  spectra 
of  Class  B  to  a  place  by  themselves  in  evolution- 
ary progression.  Quite  in  accord  with  ]\Iiss 
Gierke's  suppositions.  ^Merrill  suggests  that  it 
may  be  that  special  physical  conditions,  not 
uniquely  connected  with  a  particular  epoch  in 
effective  age,  give  rise  to  bright  hydrogen  lines  in 
stellar  spectra  of  Classes  B  and  A.  Photographs 
at  the  Detroit  Observatory  of  spectra  of  Glass 
Oe5  confirm  Merrill's  result. 

In  support  of  the  opinion  that  bright  hydrogen 
lines  are  not  uniquely  connected  with  a  particular 
epoch  of  stellar  age  we  may  add  the  statistical 
fact,  brought  out  above,  that  the  strength  and 
number  of  emission  lines  of  hydrogen  in  the 
spectra  of  the  sub-group  here  discussed  are  not 

"Po/'fi/uiv  Astrol>hysik,  page  595. 

"  See  reference  29. 

"  Problems  In  Astrophysics,  page  279. 

"Lick  Observatory  Bulletins,  Vol.  VII,  page  23. 


clearly,  dependent  so  far  as  known  on  so-called 
effective  age.  Possibly  we  may  go  farther  and 
assert  that  the  evidence  indicates  that  stars  with, 
bright  line  spectra  of  Classes  B  to  F  form  an 
evolutionary  series  running  parallel  with  normal 
stars,  differing  only  in  some  internal  peculiarity — 
probably  the  possession  of  an  abnormally  exten- 
sive atmosphere. 

Thus  it  seems  difficult  to  agree  with  Scheiner 
in  his  opinion  that  the  hydrogen  bright  line  stars 
like  7  Cassiopeije  are  the  "youngest''  stars.  Too 
many  spectra  of  this  group  are  already  developed 
into  Class  A.  But  the  point  may  be  raised  that 
such  spectra  in  Glass  A  have  never  contained  and 
will  never  show  the  dark  Orion  lines;  that  they 
are  newly  formed  stars  of  which  the  atmospheres 
are  so  proportioned  or  constituted  that  the  Orion 
lines  are  not  evident.  Further,  the  suggestion 
might  be  made  that  stars  with  spectra  of  Classes 
O  and  Oe5  and  stars  with  bright  line  spectra  in 
Classes  B  to  F  form  two  groups  of  "j'oungest"' 
stars ;  the  one  evolved  from  the  planetary  nebula 
and  the  other  from  the  irregular  nebula.  But 
the  burden  of  opinion  at  present  probably  would 
favor  the  view  that  all  stars  develop  in  successive 
stages  indicated  by  the  spectral  sequence,  O,  O^S, 
B,  A,  and  so  forth,  and  that  the  occurrence  of 
bright  lines  superposed  on  some  of  the  absorp- 
tion lines  in  many  spectra  of  Glasses  B,  A  and  F 
does  not  indicate  for  the  stars  emitting  them  a 
position  in  the  evolutionary  succession  different 
from  that  of  stars  having  similar  spectra  without 
visible  emission  lines. 

A  striking  circumstance  in  connection  with  this 
group  of  stars  is  the  strong  tendency  brought  out 
above  for  average  magnitude  to  become  fainter 
with  advancing  spectral  class.  The  indication 
would  be  that  members  of  this  group  in  Glass  O 
would  average  bright  and  that  further  discoveries 
of  members  of  this  group  in  Classes  F  and  G  may 
be  expected  when  fainter  stars  are  studied.  Is 
it  not  probable  that  extensive  atmospheres  about 
these  stars,  or  the  lower  layers  of  such  extensive 
atmospheres,  develop  relatively  strong  genera! 
absorption,  as  compared  with  other  stars  of  the 
same  effective  age,  when  Classes  A  and  F  are 
reached,  thus  making  relatively  faint  this  portion 
of  the  sub-group  of  bright  line  stars  ? 
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Aiujllu-r  point  is  rai.scd  by  the  occurrence  of 
strong  hydrogen  emission  lines  in  Class  A  spectra. 
If  stellar  atnios[)heres  are  condensing  and  cooling 
as  spectra  develop  from  Class  B  to  Class  A, 
should  we  not  lind,  for  stars  which  give  strong 
emission,  line  spectra  in  Class  A,  forerunners  with 
emission  more  intense  than  any  so  far  observed  ? 
Ai)parcntly  not,  for  it  is  the  rchUii'c  intensity  of 
emission  lines  and  neighboring  continuous  spec- 
trum that  determines  the  former's  visibility,  and 
on  the  average  this  relative  intensity  may  remain 
the  same  while  a  spectrum  develops  from  Class  R 
to  Class  A,  in  a  given  case,  even  though  tbo 
absolute  brightness  of  these  lines  is  much  great- 


er in  Class  I!  than  in  Class  .\.  In  some  cases  the 
emission  lines  are  known  to  be  fading  relatively 
to  the  continuous  spectrum.  In  cjther  cases  they 
may  be  found  t(j  be  growing  relatively  stronger. 
At  many  injints  in  the  above  discussion  atten- 
tion is  called  again  to  the  need  of  observations  of 
spectra  of  Classes  B,  A,  and  F  with  bright  lines, 
and  of  Classes  O  and  Oe5.  The  program  of  ob- 
s'.:rvations  at  this  Observatory  has  been  extended 
to  include  spectra  of  Classes  O  and  OeS,  and 
studies  of  bright  line  sjiectra  of  Classes  A  and  F 
are  contemplated. 

.Ann  Arbor,  Mich.,  December  3,  1915- 


STUDIES  OF  CLASS  B  STELLAR  SPECTRA  CONTAINING 
EMISSION  LINES 

CHANGES  IN  THE  SPECTRUM  OF  f  CYGNI 

By  RALPH  H.  CURTISS 


In  Harvard  Circular  No.  98,  announcement 
was  made  of  peculiarities  in  the  Class  B  spec- 
trum of  f^  Cygni  (1900.0,  a  =  2oh.  56.4m.,8  = 
-\- 47'^  9';  mag.  ^;  4.9).  In  an  objective  prism 
spectrogram  of  November  15,  1904,  the  hydro- 
gen lines  from  H^  to  H/3  inclusive  were  found 
to  consist  of  fine  bright  lines  superposed  on 
strong  dark  bands.  In  accordance  with  the  well 
known  rule  of  brightness  of  hydrogen  emission 
in  spectra  of  Class  B,  the  intensity  of  these  lines 
was  found  to  diminish  with  diminishing  wave- 
length.    Other  fine  bright  lines  were  visible. 

Xine  days  later  bright  H8,  Hy  and  Hj8  were 
photographed,  the  last  two  named  lines  being 
on  the  edge  of  shorter  wave-length  of  the  ac- 
companying dark  lines.  The  change  observed 
between  these  two  spectrograms  seemed  to  indi- 
cate a  binary  character  for  this  star,  one  com- 
ponent having  bright  hydrogen  lines. 

Since  the  emission  of  Hf  was  visible  on 
November  15,  1904,  with  an  observed  increase 
in  the  brightness  of  the  other  hydrogen  lines 
with  increasing  wave-length  it  seems  probable 
tliat  the  H8  line  and,  in  accordance  with  our 
knowledge  of  other  stars,  the  Ha  line  must  have 
been  strongly  bright.  From  the  Harvard  de- 
scription it  is  difficult  to  determine  whether  the 
bright  lines  were  reversed  as  in  many  of  these 
stars  or  whether  there  was  a  single  sharp  emis- 
sion component  in  each  hydrogen  band. 

On  a  single-prism  spectrogram  of  this  star, 
of  May  29,  iqii.  Doctor  P.  W.  Merrill  found 
Hy  probably  bright  in  absorption  and  H/?  pos- 
sibly bright  in  absorption,  but  the  Seed  30  emul- 
sion used  was  not  eflfective  in  bringing  out  fine 
detail  and  small  constrasts.  On  a  spectrogram 
of  June  6,  1912,  with  a  single-prism  instrument 
adjusted  for  visual  light,  the  same  investigator 
found  H/3  and  Ha  indistinctly  bright.  He  con- 
sidered this  spectrum  to  be  peculiar  and  possibly 
variable.  (Lick  Observatory  Bulletins,  \'ohinie 
YII,  page  172.) 


Twelve  spectrograms  of  this  star  have  been 
made  with  the  single-prism  spectrograph  of  this 
Observatory  on  Seed  23  plates.  These  are  listed 
with  the  corresponding  date  of  observation  in 
the  accompanying  table. 

In  no  case  was  emission  observed  in  connec- 
tion with  the  H^  and  He  lines.  These  were  al- 
ways wide  dark  lines  much  like  the  lines  of 
helium  which  are  also  present  in  this  spectrum. 
Probably  this  is  also  true  of  the  H8  line  though 
in  some  cases  this  line  appeared  asymmetrical, 
in  one  case  in  191 1  the  presence  of  narrow  emis- 
sion on  the  side  of  greater  wave-length  was  stis- 
pected,  and  in  another  case  in  that  year  the  limits 
of  an  emission  line  may  have  been  measured. 
But  such  emission  line  if  it  existed  was  not 
brighter  than  the  neighboring  continuous  spec- 
trum and  was  revealed  only  by  the  absorption  of 
the  underlying  dark  band. 

The  Hy  and  H/8  lines  on  the  seven  plates  of 
191 1,  with  the  exceptions  noted  below,  showed 
the  structure  which  is  characteristic  of  the 
hydrogen  lines  in  many  of  the  peculiar  spectra 
of  Class  B.  An  emission  line,  divided  by  a  dark 
reversal  into  two  components,  was  superposed 
on  an  absorption  band  so  wide  that  dark  borders 
flanked  the  emission  on  either  side.  The  re- 
versal in  this  case  was  so  wide  that  the  compon- 
ents of  the  emission  line  were  relatively  narrow. 
Further  the  reversal  was  observed  to  be  displaced 
toward  the  violet  relatively  to  the  center  of  the 
emission  line  in  all  but  one  case  where  measures 
could  be  made.  Thtis  the  emission  component 
of  shorter  wave-length  was  narrower  than  the 
other.  Also  observations  indicated  that  this 
sharper  component  of  shorter  wave-length  tended 
to  be  the  stronger. 

The  emission  of  H/3  averaged  slightly  brighter 
than  the  neighboring  continuous  spectrum  in 
191 1,  while  the  emission  of  Hy  was  very  nearly 
of  the  same  intensity  as  the  continuous  spectrum 
in  the  Hy  region.     Indeed  without  the  evidence 
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of  the  absorption  borders  on  either  side  and  the 
better  definition  of  the  edges  of  the  reversal,  the 
existence  of  emission  at  Hy  would  hardly  have 
been  suspected.  Adopting  Miss  Maury's  expres- 
sive term,  the  line  was  neutral. 

The  absorption  border  of  shorter  wave-length 
was  stronger  and  was  resolved  in  some  cases 
into  narrow  dark  lines.  On  six  of  the  seven 
spectrograms  of  191 1  the  absorption  border  was 
visible  on  the  edge  of  shorter  wave-length  of  Hy 
and  on  four  of  these  spectrograms  it  was  visible 
on  the  edge  of  greater  wave-length.  The  absorp- 
tion border  of  shorter  wave-length  at  Up  was 
visible  on  all  plates  of  191 1  and  that  of  greater 
wave-length  on  all  except  plate  74.  The  invisi- 
bility of  the  absorption  borders  of  Hy  and  Hj8 
in  five  cases  out  of  twenty-four,  in  191 1,  seems 
ascribable  to  lack  of  suitable  photographic  con- 
trast rather  than  to  variation  during  this  season. 
There  was  no  plate  showing  less  than  two  of 
these  absorption  borders  of  Hy  and  H/?. 

On  the  plate  of  1912,  and  on  those  of  1915 
to  1916,  the  structure  of  the  Hy  and  Hy8  lines 
appeared  to  be  changed.  The  absorption  borders 
were  weaker  or  absent;  the  reversals,  wider  and 
less   well   defined.      On   plate   3420,   which   was 


sensitized  according  to  Wallace's  formula,  under- 
exposed continuous  spectrum  was  faintly  visible 
in  the  Ha  region  but  no  trace  of  emission  was 
identified.  Apparently  at  present  there  remain 
in  the  spectrum  of  f*  Cygni  only  very  uncertain 
and  possibly  vanishing  traces  of  the  structure, 
characteristic  of  emission  lines  in  Class  B  spectra, 
which  was  probably  pronounced  in  1904  and  was 
clearly  shown  in  191 1.  The  Ann  Arbor  observa- 
tions indicate  the  existence  of  a  progressive 
change  but  the  possibility  of  a  short  period  varia- 
tion, which  was  suggested  at  Harvard,  is  not 
excluded. 

The  velocities  determined  from  the  central 
absorption  of  the  hydrogen  lines  HS,  Hy  and 
H/?  are  found  in  column  three  of  the  accompany- 
ing table.  They  appear  to  vary  slowly,  though 
over  a  wide  range,  toward  smaller  values. 
Whether  this  change  is  due  to  varying  radial 
velocity  or  to  alterations  in  the  structure  of  the 
lines  due  to  internal  changes  in  the  star  can  not 
be  decided.  The  H8  line,  which  showed  no  cer- 
tain emission,  and  the  helium  lines  so  far  as  they 
can  be  measured,  indicated  the  same  velocity 
variation,  but  in  these  cases  also  internal  changes 
in  the  star  may  he  responsible  for  the  measured 
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variations.  If  the  variation  is  one  of  velocity  the 
orbital  period  may  be  long,  though  a  short  period 
is  not  excluded. 

In  column  four  the  excess  of  the  velocity  for 
the  emission  lines  over  that  for  the  reversal  is 
tabulated,  where  measured.  The  mean  relative 
displacement  amounts  to  0.36  A  at  Hy. 

In  columns  five,  six  and  seven  the  average  in- 
crease from  191 1  to  1916  in  the  intensities  of  the 
central  absorption  of  H8,  Hy  and  Hj8  is  brought 
out. 

Columns  eight  and  nine  give  the  width  of  the 
emission  lines  of  Hy  and  H|8,  corrected  for 
width  of  slit  by  the  formula,  AA  ^=  0.040  dX/dR. 
If  we  assume  a  linear  relation  between  line  width 


and  wave-length  in  this  case,  we  arrive  at  the 
equation, 

AA  =  0.00356    (A  — 2240). 

CONCLUSION'. 

From  the  descriptive  and  numerical  data  given 
above  it  seems  apparent  that  there  have  taken 
place  in  the  spectrum  of  f  Cygni  changes  involv- 
ing the  fading  of  the  hydrogen  emission  lines, 
the  effacement  of  the  structure  of  these  lines, 
an  increase  in  the  intensity  of  the  narrower  dark 
lines  of  hydrogen  and  a  variation  in  their  wave- 
length. There  is  evidence  that  this  change  is  a 
progressive  one. 

Ann  .\rbor,  Mich.,  Jan.  20,  1916. 


STUDIES  OF  CLASS   B  STELLAR  SPECTRA  CONTAINING 
EMISSION  LINES 

CHANGES  IN  THE  SPECTRUM  OF  H.  R.  985 

By  RALPH  H.  CURTISS 


The  spectrum  of  the  star,  H.  R.  985  or  B. 
D.  -j-  65  340,  ( ]  900.0,  a  =  3h  II  ,2m ;  8  =  +  f>3 ' 
17';  D.  D.  mag.,  4.5;  Harvard  photographic  mag. 
4.86)  in  Camelopardalis  was  suspected  of  pecu- 
liarities by  Espin  on  September  22,  1895.  The 
total  light  was  pronounced  white;  the  type  of 
spectrum  was  not  determined  but  the  F  line 
of  hydrogen  was  recorded  as  possibly  bright.  In 
Harvard  Annals,  \'olume  56,  Epsin  is  credited 
with  the  discovery  of  the  peculiarity  of  this 
spectrum. 

Previous  to  this  observation  by  Espin,  bright 
Ho  had  been  observed  in  this  spectrum  by  Camp- 
bell, and  the  photographic  spectrum  had  been 
studied  on  sixteen  objective  prism  plates  at  Har- 
vard by  Miss  Maury  w-hose  detailed  description, 
written  several  years  at  least  before  1897,  is 
found  on  page  105  of  Volume  28  of  the  Harvard 
CuUcije  Observatory  Annals.  With  a  note  now 
inserted  in  parenthesis  this  description  reads  as 
follows : 

"The  system  of  dark  lines  in  the  spectrum  of 
this  star  belongs  to  Group  I\",  Division  b,  but 
all  the  lines  are  exceedingly  wide.  (This  last 
remark  is  not  true  of  the  H  and  K  lines  nor  of 
the  hydrogen  reversals.)  A  distinct  bright  band 
lies  almost  centrally  on  the  wide  dark  band  H/?. 
A  fainter  and  narrower  bright  band  or  line  lies 
upon  Hy,  its  position  being  commonly  of  slight- 
ly greater  wave-length  than  the  center.  The 
lines  Ht  and  HS  appear  in  most  photographs  un- 
equally divided,  with  the  strong  component  oc- 
cupying the  true  central  position  for  each 
hydrogen  line,  and  the  weak  and  hazy  component 
having  the  greater  wave-length.  In  some  plates, 
however,  both  these  lines  and  Hy  appear  triple. 
Other  lines  of  the  spectrum  sometimes  appear 
unequally  divided,  with  the  stronger  component 
of  shorter  wave-length."' 

In  \'olume  56  of  the  Harvard  College  Observ- 
atory Annals  this  spectrum  is  classified  as  B2p, 
and  the  lines  Hy,  H/?  and  Ha  are  noted  as  bright. 


In  the  Lick  Observatory  Bulletins,  Volume 
\II,  page  167,  Doctor  P.  W.  Merrill  reports  the 
salient  features  found  on  four  spectrograms  of 
this  star  made  between  July  28  and  .\ugnst  13, 
1912,  with  single-prism  spectrographs.  Ha  was 
a  strong  bright  line;  H/?  and  Hy  were  "double 
bright  on  absorption";  H8  was  probably  "faint 
bright  on  absorption"'.  Strong  helium  absorp- 
tion was  observed  and  traces  of  a  few  metallic 
emission  lines  were  seen. 

The  twenty  spectrograms  made  at  the  Detroit 
Observatory  are  grouped  in  two  epochs — tlie 
first  group  of  nine  plates  extending  from  Octo- 
ber 26  to  December  16,  1912,  the  second  from 
January  22  to  April  17,  1916. 

On  the  plates  of  each  of  these  groups  the 
characteristics  of  the  lines  appeared  to  be  essen- 
tially constant.  A  central  reversal  divided  each 
hydrogen  emission  line  into  two  parts  and  the 
edges  of  a  broad  underlj'ing  absorption  band 
were  visible  on  either  side  of  the  emission  line. 
This  structure  was  brought  out  very  clearly  in 
the  case  of  H/3,  less  clearly  in  Hy,  rather  indis- 
tinctly in  HS  and  quite  indistinctly  in  He  and  Hf. 
As  in  other  stars  of  this  sub-group  the  emission 
components  decreased  and  the  central  absorption 
increased  in  intensity  from  Hy3  to  H^.  Broad 
helium  dark  lines,  too  diffuse  for  useful  velocity 
determinations,  but  sometimes  giving  evidence  of 
the  structure  characteristic  of  the  hydrogen  lines, 
were  observed  at  A's  4009,  4026,  4121,  4144, 
4388,  4472,  and  4922.  Metallic  emission  lines 
showing  faintly  the  structure  characteristic  of 
the  hydrogen  lines  were  measured  at  A's  4233, 
4584.  4925  and  5018.  In  addition  a  narrow  dark 
K  line,  probably  fixed  in  position,  was  observed 
on  many  plates  of  both  groups. 

But  in  the  interval  between  the  two  series  of 
plates  a  striking  change  had  taken  place  in  the 
intensities  of  the  two  parts  on  either  side  of  the 
central  reversal  of  the  emission  bands  of  hydro- 
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gen.  Briefly,  in  the  first  series  of  plates  the 
part  of  the  emission  component  having  greater 
wave-length,  so  far  as  observed  in  the  hydrogen 
lines,  was  stronger  than  that  of  smaller  wave- 
length in  nearly  every  case,  whereas  in  the  sec- 
ond series  the  reverse  was  the  case.  In  Table 
T,  the  extent  of  this  change  for  the  different 
hydrogen  lines  is  brought  out.  The  table  gives 
the  estimated  intensities  of  the  parts  of  each 
hydrogen  emission  line  referred  to  the  neighbor- 
ing continuous  spectrum  for  each  plate,  the 
serial  number  of  which  is  given  in  column  i,  the 
date  in  Table  IT.  R  at  the  head  of  a  column  de- 
notes the  part  of  the  emission  component  of 
greater  wave-length ;  V  the  corresponding  part 
of  smaller  wave-length. 

X'ariations  in  the  estimates  of  line  intensities 
from  plate  to  plate  in  the  1912  series,  as  well  as 
in  the  1916  series,  are  present  and  appear  to  be 
due  to  the  well  known  uncertainties  of  photo- 
graphic contrast,  and  partly  perhaps  in  the  case 


of  He  to  the  neighboring  H  line.  It  is  not 
thought  that  they  establish  any  variation  within 
either  series.  Very  probably  the  means  for  1912 
and  for  1916  in  this  table  represent  quite  well 
the  relative  intensities  of  the  two  parts  of  the 
hydrogen  emission  lines,  as  well  as  their  inten- 
sities referred  to  the  continuous  spectrum  at 
these  epochs.  Thus  the  part  of  greater  wave- 
length of  the  Hj8  emission  component  lost  one- 
third  of  its  strength  between  191 2  and  1916 
while  at  the  same  time  the  part  of  smaller  wave- 
length gained  a  similar  amount  in  brightness; 
and  the  other  hydrogen  lines  observed  in  the 
])hotographic  region  exhibited  similar  changes 
which,  however,  were  less  striking,  largely  per- 
haps because  these  lines  were  relatively  fainter 
than  H/J. 

The  edges  of  the  hydrogen  emission  lines  were 
best  defined  when  associated  with  strong  emis- 
sion components.  And  this  was  true  also  of  the 
absorption    borders   of   the    emission    lines.      In 
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BRIGHTNESS  OF  PARTS  OF  EMISSION   CO.MPONENTS  REFERRED   TO   THE  CON- 
TINUOUS SPECTRUM. 


Hj- 

He 

hS 

117 

H 

^ 

V 

R 

V 

R 

V 

\        R 

V 

R 

" 

R 

1360 

0.6 

0.8 

0.6 

0.8 

0.6 

0.9 

1-3 

1.6 

1404 

0.6 

0.8 

0.6 

0.9 

I.O 

I.  I 

1-3 

1.6 

I44Q 

0.4 

0.8 

0.7 

0.7 

0.6 

0.8 

0.9 

I.  I 

1.2 

1-5 

1477 

0.4 

0.6 

0.4 

0.5 

0.9 

1.2 

1.0 

1-5 

1.S04 

•  ■  ■ 

0.4 

1   0.9 

0.9 

I.I 

1-3 

1-5 

1509 

... 

0.7 

1   0.9 

1.0 

I.I 

1.0 

1-4 

1532 

1 

1.0 

1-4 

1539 

0.4 

0.5 

0.9 

1.0 

1.2 

i-S 

ISS4 

0.4 

0.6 

0.6 

0.8 

0.9 

I.I 

1.2 

1-4 

MEAN   1912 

0-5 

0.8 

0-5 

0.7 

o.S 

0.8 

0.9 

I.I 

1.2 

1-5 

3429 

0.8 

0.6 

0.8 

0.6 

1-3 

0.9 

1.6 

1.0 

3430 

0.7 

0.4 

0.7 

0.4 

1.2 

0.8 

1-5 

0.9 

3436 

0.6 

0.3 

0.7 

0.4 

1.0 

0.8 

1-5 

I.I 

3437 

0.7 

0.5 

0.8 

0-5 

1. 1 

0.8 

1-5 

I.I 

345" 

0.5 

0.6 

0.8 

0.5 

I.I 

0.8 

1.6 

1.0 

34.M 

0.5 

o.S 

1.2 

0.9 

1.6 

1.0 

3461 

' 

0.9 

0.5 

I.I 

0.8 

1-5   ■ 

I.I 

3463 

0.6 

0.4 

0.7 

0.4 

0.7 

0.6 

1.2 

0.8 

1-4 

I.I 

3470 

0.6 

0.4 

0.5 

0.8 

0.7 

0.7 

1. 1 

0.8 

1-5 

1.0 

3471 

0.6 

0.8 

0.8 

0.5  , 

1.0 

0.8 

IS 

I.I 

3494 

0.8 

0.8 

0.9 

0.8  1 

1.0 

0.8 

IS 

1.0 

?kIEANS  1916 

0.6 

0.4 

0.7 

0.6 

0.8 

0.5 

I.I 

0.8 

I  -5 

1.0 

rUI'.MCATIoXS  ()!•  Till'',  ( )i;SI-'.kV.\T(  )RV 


41 


plates  of  the  second  group  the  edge  of  greater 
wave-lcngtli  with  its  absorption  border,  even  in 
tlie  case  of  II fi,  was  frequently  difficult  to 
observe. 

Ha  was  observed  as  a  strong  emission  line  on 
one  plate  (Number  3430)  of  the  second  group; 
the  only  plate  of  the  set  sensitized  to  red  light. 
On  the  scale  used  in  column  24  of  Table  If,  the 
intensity  of  this  line  would  be  about  twenty.  It 
was  accompanied  by  strong  absorption  borders 
and  no  reversal  was  visible.  Its  width  corrected 
for  the  width  of  the  slit  was  about  5.5A,  but  in 
view  of  the  structure  of  the  H/8  line  it  is  possible 
that  this  measurement  of  width  applies  to  only 
part  of  the  normal  Ha  emission  band.  No  other 
lines  were  noted  clearly  in  the  visual  region. 

In  Table  II,  are  given  essentially  complete  data 
from  twenty  spectrograms  relative  to  radial 
velocities,  line  intensities  and  line  widths  in  the 
photographic  region  of  the  spectrum  of  this  star. 
In  this  table  in  the  column  of  dates  the  numbers 
before  the  decimal  point  refer  to  the  day  of  the 
year.  The  abbreviation,  Abs.,  refers  to  the  cen- 
tral dark  reversal  of  the  hydrogen  lines;  I,  to 
the  intensity  of  lines  on  the  scale  used  by  the 
writer  in  his  study  of  y  Cassiopeiae;  p,  to  the 
weight  of  the  observed  velocities ;  E  —  A,  to  the 
difil'erences  between  results  for  the  broad  emis- 
sion components  and  the  dark  reversals  of  the 
same  line.  With  these  explanations  the  contents 
of  the  table  will  be  readily  understood. 

For  a  case  of  this  kind  in  which  changes  in 
the  structure  of  the  lines  are  observed  and  in 
which  therefore  more  than  the  usual  caution 
must  be  exercised  in  the  interpretation  of  ob- 
served displacements  as  Doppler  effects,  it  is 
unsafe  to  derive  mean  velocities  without  inves- 
tigating first  the  behavior  of  individual  lines. 
.\ccordingly  in  Table  II  the  data  for  each  meas- 
urable line  are  listed.  Considering  the  velocities 
for  any  line  in  either  the  1912  or  the  1916  series 
the  variations  from  plate  to  plate  are  not  greater 
than  we  would  expect  for  lines  of  this  character 
if  the  velocity  were  not  changing.  In  the  first 
series  it  seems  possible  from  the  means  for  each 
line  that  the  measured  velocities  tend  toward 
algebraically  smaller  values  with  increasing  wave- 
length, whereas  in  the  second  series  the  reverse 
seems  to  be  suggested.     However  this  indication 


is  not  strong  enough  to  detract  seriously  from 
the  value  of  plate  means  based  on  all  the  hydro- 
gen lines.  Furtiiermorc  since  tiie  velocities  in 
columns  19  and  28  of  Table  II  do  not  indicate 
any  departure  of  the  absorption  reversals  from 
the  centers  of  the  emission  lines  it  appears  allovv- 
aljle  to  combine  velocities  from  emission  lines 
with  those  from  absorption  lines  in  the  plate 
means.  Such  plate  means  arc  found  in  column 
29  of  Table  H.  Possibly  there  is  a  slight  pro- 
gressive tendency  toward  algebraically  greater 
values  in  the  plate  velocities  through  the  series 
for  191 2  but  the  divergence  is  small  at  most 
from  the  average  of  — 3.1  km.  for  the  series.  No 
variation  is  suggested  in  the  plate  velocities  of 
the  1916  .series  but  the  final  average  of  -|-  41.9  km. 
differs  forty-five  kilometers  from  the  1912  aver- 
age, a  variation  extending  apparently  to  all  the 
hydrogen  lines  so  far  as  the  measures  give  evi- 
dence and  suggesting  unmistakably  a  Doppler 
shift  of  the  whole  spectrum  between  1912  and 
1916. 

As  noted  above  it  is  necessary  to  proceed  cau- 
tiously with  the  interpretation  of  shifts  in  this 
spectrum  as  Doppler  effects.  Displacements  both 
apparent  and  real  may  be  associated  with  the 
changes  in  structure  of  the  hydrogen  lines.  Thus 
apparent  displacement  of  the  dark  reversals 
might  be  expected  to  result  from  the  observed 
changes  in  the  relative  intensity  of  the  two  parts 
of  the  emission  lines  which  border  the  reversals. 
The  somewhat  large  displacement  of  the  H^ 
absorption  component  as  compared  with  the  dis- 
placement of  the  other  lines,  between  the  1912 
and  the  1916  series,  may  be  due  to  this  effect. 
But  if  this  effect  is  important  here  we  should 
expect  the  emission  lines  to  show  displacement 
in  the  opposite  direction  between  the  two  series 
whereas  there  seems  to  be  little  or  no  evidence 
of  this  in  the  case  of  H^  and  none  in  Hy.  In  the 
case  of  H/3  it  is  conceivable  that  the  greater  vari- 
ation in  the  position  of  the  central  reversal  be- 
tween the  1912  and  1916  series,  as  compared  with 
that  of  the  emission  component,  is  attributable  to 
this  cause.  Probably  in  the  plate  means  the  ex- 
tent of  this  effect  does  not  exceed  a  few  kilo- 
meters. 

The  K  line  of  calcium  on  the  plates  of  both 
scries   is   narrow,   having   an    intensity   between 
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two  and  three,  but  as  a  rule  is  not  well  defined. 
The  velocities  derived  from  this  line  in  the  19 12 
series  do  not  indicate  variation  nor  divergence 
from  the  values  derived  from  the  hydrogen  lines. 
The  velocities  from  tiie  K  line  in  the  1916  series 
do  not  indicate  internal  variation  but  they  differ 
markedly  from  the  corresponding  results  for 
hydrogen.  Probably  the  K  line  is  fi.xed  in  posi- 
tion in  the  spectrum  of  this  star  and  is  displaced 
from  its  zero  position  by  an  amount  correspond- 
ing to  —  9  km.  per  second  of  velocity. 

in  addition  to  the  results  in  Table  II  velocities 
were  derived  from  measures  of  the  broad  helium 
lines.  But  such  velocities  were  not  reliable 
enough  to  determine  whether  these  spectral  fea- 
tures shared  the  displacements  of  the  hydrogen 
lines. 

Two  measures  of  the  emission  component  of 
115  gave  results  in  accord  with  velocities  derived 
from  the  corresponding  reversals. 

Tlie  line  intensities  in  Table  II  do  not  establish 
any  changes  in  the  strength  of  the  absorption  re- 
versals nor  in  the  total  intensity  of  the  H^ 
emission  line.  The  latter  observation  is  in  accord 
with  the  quantities  in  Table  I. 

Aleasures  of  the  positions  of  the  emission 
components  of  Hy  and  H/?  for  the  determination 
of  velocity  w-ere  made  both  by  bisecting  the 
entire  line  and  by  setting  on  its  edges.  The  latter 
measures  furnished  the  determinations  of  the 
width  of  the  emission  components  of  Hy  and  H/3 
in  columns  seventeen  and  tw-enty-six  of  Table  II. 
Since  the  emission  component  of  the  Hy  line 
averaged  no  stronger  than  the  neighboring  con- 
tinuous spectrum,  and  since  one-half  of  the  H^ 
emission  was  always  relatively  weak,  the  meas- 
ures presented  some  difficulty.  They  cannot  be 
said  to  establish  any  clianges  in  the  widths  of 
these  lines. 

The  mean  widths  of  the  Hy  and  H/3  emission 
components  are  5.34A  and  6.65 A  respectively. 
The  width  of  the  nearly  monochromatic  com- 
parison lines  in  this  region  is  20  microns.  If 
this  be  converted  into  angstroms  and  subtracted 
from  the  measured  widths  of  emission  compon- 
ents the  results  above  become  4.58.!  and  5-47-^ 
respectively.  If  we  assume  a  linear  relation  be- 
tween wave-length  and  line  width,  as  suggested 


by  studies  of  <^   Persei  and  y  Cassiopciae,  the 
eciuation  of  such  a  line  becomes 

A  A  =^  0.00170  (A  —  1640). 


The  bright  line  Class  B  spectrum  of  II.  R.  985, 
though  showing  in  the  hydrogen  lines  the  struc- 
ture typical  of  such  spectral  features  in  objects 
of  this  sub-group,  is  of  unusual  interest  because 
of  marked  changes  observed  between  the  years 
1912  and  1916,  in  the  relative  intensities  of  the 
two  parts  into  which  the  emission  components 
of  hydrogen  were  divided  by  the  narrow  central 
absorption.  At  the  same  time  no  certain  changes 
in  the  total  intensities  of  the  lines  in  this  spec- 
trum were  thought  to  be  registered,  and  zcitliin 
the  series  of  plates  in  1912,  October  to  Decem- 
ber, and  in  1916,  January  to  April,  no  changes 
in  the  relative  intensities  of  a  given  part  of  any 
emission  line  were  found  to  be  established. 

The  hydrogen  lines  showed  as  a  whole  a  rela- 
tive displacement  of  forty-five  kilometers  be- 
tween 1912  and  1916  on  the  assumption,  prob- 
ably well  justified,  that  such  displacement  was 
common  to  all  of  them;  but  within  the  series  in 
1912  and  within  that  of  1916  no  change  in  the 
measured  velocities  w^as  established,  though  the 
possibility  of  some  change  during  the  1912  series 
is  suggested.  The  mean  velocity  for  the  1912 
series  was  —  3.1  km.  and  for  the  1916  series, 
4-  41.7  km. 

The  K  line  was  narrow  and  apparently  fixed 
in  position  throughout  the  whole  series  of  plates. 
The  mean  velocity  derived  from  it  was  —  9  km. 

Though  wide  lines  of  helium  and  several  me- 
tallic emission  lines  were  present  in  this  spectrum 
no  features  in  the  photographic  region  other  than 
the  hydrogen  lines  were  available  for  velocity 
detenninations. 

The  widths  of  the  emission  components  of  Hy 
and  H;8  were  not  found  to  be  certainly  variable 
and  were  found  to  be  in  the  mean  4-58A  and 
5.47A  respectively. 

CONCLUSION 

Probably  the  most  plausible  conclusion  sug- 
gested by  the  above  observations  of  the  spectrum 
of  the  star.  H.  R.  c)85,  is  that  at  least  two  bodies 
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are  involved,  forming  a  system  with  a  long 
orbital  period — possibly  about  2.3  years.  The 
radial  velocity  variation  may  be  attributed  to 
orbital  motion  but  on  this  basis  the  explanation 
of  the  probably  simultaneous  changes  in  the 
emission  lines  is  not  obvious,  though  it  must 
appear  reasonable  that  the  two  variations  are 
related. 

Apparently    the    variations    which    the    Ann 


Arbor  observations  have  brought  out  in  the 
spectrum  of  this  star  account  for  j\Iiss  Maury's 
puzzling  description  quoted  above  of  the  Harvard 
objective  prism  plates  of  H.  R.  985. 

Evidently  this  star  must  be  observed  over  a 
relatively  long  time  interval,  even  though  the 
variable  phenomena  prove  to  be  periodic,  before 
the  story  of  its  spectral  variations  can  be  written. 

April  24,  1916. 


SPECTROSCOPIC  OBSERVATIONS  OF  STARS  OF  CLASS  Md. 

By  PAUL  W.  MERRILL 


INTRODUCTION 

A  large  majority  of  all  stars,  telescopic  as  well 
as  naked-eye,  shine  continually  with  a  steady 
light,  but  an  occasional  one,  known  as  a  variable 
star,  is  subject  to  fluctuations  in  brightness.  As 
exceptions  to  the  usual  order,  such  objects, 
naturally,  have  been  of  great  interest  to  all 
watchers  of  the  skies,  and  much  attention  has 
been  devoted  to  them  by  professional  and  amateur 
astronomers,  resulting  in  the  accumulation  of  a 
large  amount  of  information  concerning  them. 

Upon  close  scrutiny  it  is  found  that  nearly  all 
variable  stars  are  periodic,  that  is,  they  repeat 
their  cycles  of  change  after  more  or  less  regular 
intervals.  Moreover,  they  naturally  divide  into 
two  rather  distinct  groups  according  to  the 
length  of  this  interval,  one  group  having  periods 
of  a  few  days,  and  the  other  completing  their 
cycles  of  mutation  in  about  a  year.  To  distinguish 
between  the  two  groups  conveniently,  they  are 
called  short-period  and  long-period  variables. 

Eighty-five  per  cent  of  all  the  long-period  vari- 
ables are  red  stars  whose  spectra  are  charac- 
terized by  absorption  bands  of  titanium  oxide 
and  also  contain  bright  hydrogen  lines.  Spectra 
of  this  kind  are  comprised  in  Secchi's  third  type, 
or  are  of  Class  ^Id  in  the  Harvard  system.  Every 
star  known  to  belong  to  this  spectral  class  is 
without  exception  a  variable  of  long  or  irregular 
period.  The  fact  that  such  a  spectrum  always  in- 
dicates this  type  of  variability  is  a  remarkable 
one  which  has  never  received  a  satisfactory  ex- 
planation. The  present  paper  deals  with  stars 
having  spectra  of  this  kind. 

HISTORICAL 

Light  I'ariatioits. — The  first  historical  discov- 
ery of  stellar  variability  relates  to  a  star  of  Class 
Md.  It  was  made  in  1596,  before  the  invention 
of  the  telescope,  by  Fabricius  who  noted  the  ap- 
parent creation  of  a  star  in  the  constellation 
Cetus.  It  later  proved  to  be  a  long-period  vari- 
able with  a  change  in  brightness  carrying  it  in 


less  than  six  months  from  complete  invisibility 
without  optical  aid  to  a  rather  conspicuous  posi- 
tion among  the  naked-eye  stars.  In  1603.  Bayer, 
in  the  course  of  assigning  designations  to  the 
naked-eye  stars  and  ignorant  of  the  variability 
discovered  by  Fabricius,  gave  this  star  the  Greek 
letter  omicron,  so  that  it  is  known  today  as  o 
Ceti.  On  account  of  its  wonderful  changes  in 
light  it  was  later  given  the  special  name,  Mira, 
by  Ilevelius. 

As  its  characteristics  are  typical  of  stars  of 
this  kind,  it  naturally  serves  as  the  example  of 
long-period  variation.  The  period  approximates 
a  year  in  length;  the  variation  in  light  is  great, 
usually  from  four  to  seven  magnitudes,  i.  e.,  an 
increase  varj'ing  from  forty  to  six  hundred  and 
thirty  times  its  minimum  brightness,  not  being 
perfectly  regular  either  in  time  or  limiting  mag- 
nitudes. The  rise  to  maximum  is  more  rapid 
than  the  decline.  The  star  is  decidedly  red  in 
color. 

The  second  historical  discovery  of  a  variable 
star,  in  1669,  was  of  the  short-period  star  Algol, 
but  the  next  three  discoveries  were  long-period 
stars  of  Class  Md,  given  in  this  table : 


YEAR   OF   DISCOX-ERV 


o    Ceti 
R  Hydrx 
X    Cjgni 
R  Leonis 


1596 
1670 
1696 

1782 


PERIOD 


332  days 
425 
406 
313 


The  four  stars  listed  are  all  of  this  kind  which 
were  discovered  prior  to  1800.  During  the  nine- 
teenth centur>'  223  were  found,  131  of  them  dur- 
ing the  decade  1890  to  1900,  a  fact  which  illus- 
trates the  efficiency  of  the  new  methods  of  pho- 
tography and  spectroscopy.  From  1900  to  191 1 
inclusive.  136  additional  members  of  this  group 
were  discovered,  making  a  total  of  363  variable 
stars  definitely  known  to  have  spectra  of  Class 
Md.  Lists  for  the  years  since  191 1  are  not  avail- 
able.    Only  15  of  these  stars  are  ever  brighter 
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than  the  sixth  magnitude,  or  within  the  range 
of  naked-eye  observation.  The  writer  has  se- 
cured successful  spectral  photographs  with  the 
Ann  Arbor  37J/^-inch  reflector  and  attached 
spectrograph  with  reasonable  exposure  times 
down  to  magnitudes  as  low  as  8.5.  Within  this 
limit  there  are  225  stars,  most  of  which  could 
not  be  profitably  studied  with  less  powerful  ap- 
paratus. In  any  case,  their  observation  is  rather 
difficult  on  account  of  their  faintness  and  varia- 
bility. In  many  instances  they  are  bright  enough 
to  be  photographed  for  only  a  few  weeks  each 
year,  at  which  time  they  may  be  in  too  close 
pro.ximity  to  the  sun  for  observation,  so  that  the 
gathering  of  complete  data  for  them  would  be 
a  long  program  for  a  large  observatory,  and 
would  necessarily  require  a  station  in  the  soutli- 
ern  hemisphere  since  forty-six  per  cent  of  the 
225  stars  lie  in  the  southern  half  of  the  sky. 

While  periodic  in  a  general  way,  the  successive 
cycles  of  long-period  stars  are  by  no  means  iden- 
tical, so  that  it  is  impossible  to  predict  exactly 
when  the  next  maximum  of  a  given  star  will 
occur,  or  exactly  how  bright  it  will  be  upon  that 
occasion.  This  enhances  the  difficulty  of  observ- 
ing such  a  star  spectrographicall}'  and  necessitates 
a  special  watch  of  each  star  near  the  predicted 
time  of  its  maximum.  The  observing  list,  chosen 
from  stars  known  to  have  reached  a  certain 
brightness  in  the  past,  is  apt  to  contain  stars 
whose  maxima  in  any  particular  year  are  dis- 
appointingly faint. 

Spectroscopic  Observations. — Omicron  Ceti, 
the  brightest  as  well  as  the  best  known  member 
of  its  group,  has  been  by  far  the  most  extensively 
studied  with  the  spectroscope.  The  continuous 
and  absorption  spectrum  belongs  to  type  III,  as 
described  by  Secchi  more  than  fifty  years  ago, 
having  strong  dark  flutings  which  terminate 
abruptly  on  the  violet  side  and  shade  off  gradu- 
ally in  the  other  direction.  The  bright  hydrogen 
lines  were  first  detected,  by  means  of  photog- 
raphy, at  Harvard,  in  1886.  The  star  has  been 
photographed  there  at  the  time  of  nearly  every 
maximum  since  that  date,  but  complete  descrip- 
tions of  the  photographs  have  never  been  pub- 
lished. Comparison  with  other  similar  stars  early 
led  to  the  following  generalizations  for  variable 
stars  of  Class  Md :  at  maximum  the  bright  hydro- 


gen lines  are  very  strong  relatively  to  the  con- 
tinuous spectrum ;  usually  Hy  and  H8  are  strong, 
and  He  is  especially  weak ;  there  are  great  differ- 
ences in  the  relative  intensities  of  the  bright  lines 
in  different  stars  and  even  variations  in  the  same 
star.  Brief  descriptions  of  many  spectra  of  Class 
Md  have  been  published  by  the  Harvard  College 
Observatory,  referring  largely  to  the  bright  lines. 
Ten  subdivisions,  Aid  i-io,  were  used  by  Mrs. 
Fleming,  apparently  depending  both  upon  the  rel- 
ative strength  of  the  bright  hydrogen  lines,  par- 
ticularly Hy  and  H8,  and  upon  the  appearance  of 
the  continuous  and  absorption  background. 

Numerous  other  observers  have  photographed 
the  spectrum  of  0  Ceti  at  various  maxima,  as 
follows : 


\'ogeI 

1895 

Potsdam 

Sidgrcaves 

1897-98 

Stonyhurst 

Campbell 

1898 

Lick  Observatory 

Stebbins 

1902 

Lick  Observatory 

Plaskett 

1906-07 

Ottawa 

Slipher 

1906-07 

Lowell   Observatory 

Wright 

1909 

Lick  Observatory 

N'ogeU  found  tlie  bright  lines  of  hydrogen 
liroad  and  strong,  and  somewhat  displaced  to  the 
red,  i.  e.,  indicating  a  motion  of  recession.  The 
series  was  seen  from  Hy  to  Ht  with  the  excep- 
tion of  He.    No  other  bright  lines  were  visible. 

The  following  year  the  spectrum  had  much  the 
same  appearance  on  Sidgreaves'  plates.-  It  re- 
mained substantially  constant  during  two  and  a 
half  months  of  observation,  but  there  w^ere 
changes  in  the  relative  intensities  of  different 
portions  of  the  spectrum,  showing  that  the  blue 
light  decreased  during  the  interval  as  compared 
with  the  yellow  green.  Of  the  bright  hydrogen 
lines,  Hy  and  H8  were  extraordinarily  brilliant, 
He  w^as  absent,  and  H/3  uncertainly  seen.  He  re- 
marked upon  this  as  follows :  "But  it  is  not 
easy  to  reconcile  the  comparatively  weak  absorp- 
tion at  this  part  of  the  band  in  Mira  with  its 
supposed  absorbing  action  on  the  very  energetic 
radiation  of  H/8.  *  *  *  it  seems  more  probable 
that  o  Ceti  shov.'s  a  condition  of  hydrogen  radi- 

'  Sitzungsberichte  der  Koeniglichen  Preussichen  Aka- 
dcmic  der  Wissenschaften  cti  Berlin,  1896,  p.  395. 
'  Monthly  ^'ot^ces,  R.  A.  S.,  58,  344,  1898. 
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aiice  not  yet  met  with  in  the  laboratory,  in  whicli 
I  la  and  1 1/3  have  fallen  out  of  the  spectrum.  " 

At  the  next  maximum  in  1898,  portions  of  the 
spectrum  were  photographed  with  three-prism 
dispersion  by  Campbell''.  The  radial  velocity 
from  the  dark  lines  was  measured  and  appeared 
constant  at  -(-62k-ni.  per  second.  Uright  Hy  and 
IIS  were  not  monochromatic  but  broadened,  at 
times  appearing  triple.  Additional  bright  lines 
ascribed  to  iron  were  seen,  which  grew  relatively 
.stronger  as  the  continuous  spectrum  faded.  The 
bright  lines,  approximately  consistent  among 
themselves,  gave  a  radial  velocity  some  15  km. 
less  than  that  yielded  by  the  absorption  lines. 

The  spectrum  of  0  Ceti  was  thoroughly  studied 
during  the  decreasing  phase  in  1902,  by  Stcb- 
bins*,  at  the  Lick  Observatory.  His  measures 
showed  a  difference  of  about  15  km.  per  second 
between  the  radial  velocities  derived  from  the 
bright  lines  and  from  the  dark  lines,  in  confirma- 
tion of  the  earlier  observations  by  Campbell. 
Many  details  of  the  spectrum  are  recorded  as 
studied  with  both  high  and  low  dispersion.  An 
instructive  diagram  showing  the  relative  intensi- 
ties of  numerous  bright  lines  as  the  star  waned 
is  included.  The  changes  arc  so  great  and  of 
such  a  nature  that  their  reality  cannot  be  doubted. 

The  spectrum  of  0  Ceti  was  also  photographed 
by  Plaskett"  during  December,  1906,  and  Janu- 
ary, 1907,  using  three-prism  dispersion.  His 
radial  velocities  are  in  excellent  agreement  with 
those  of  Campbell  and  Stebbins.  He  confirmed 
the  variations  in  the  relative  intensities  of  the 
emission  lines.  \^.  M.  Slipher  also  secured  spec- 
trograms at  this  maximum",  which  are  of  par- 
ticular interest  and  importance  in  that  the\'  con- 
tain the  red  end  of  the  spectrum. 

Observations  which  showed  that  the  com- 
ponents of  the  triple  bright  Hy  line  in  the  spec- 
trum of  0  Ceti  are  not  .strongly  polarized  were 
made  by  Wright'  in  1909.  The  multiple  char- 
acter is  then  not  due  to  a  magnetic  field  of  con- 
stant direction. 

'  Astrophysical  Journal,  p,  31,  1899. 
'Lick  Observatory  Bulletin,  2,  78,  1903. 
'Journal,  R.  A.  S.,  Canada,  i,  45,  1907. 
'  Astrot'hysical  Journal,  ^5,  66  and  235,  1907. 
'  Lick  Obserz'atory  Bulletin,  6,  60,  1910. 


Observations  of  x.  Cygni  are  described  by 
b"licrhard  in  Aslrophysical  Journal  18,  198,  1903. 
1  lydrogen  and  other  bright  lines  were  present 
and  altered  their  relative  intensities  as  the  star 
waned,  HS  decreasing  and  4308A  P'c  increasing 
in  strength.  Velocities  from  bright  and  dark 
lines  were  discrepant  as  in  0  Ceti.  In  conclusion 
he  refers  to  the  highly  interesting  fact  that  x 
Cvgni  and  o  Ceti  "exhibit  a  precisely  identical 
behavior,  both  as  to  the  spectrum  and  as  to  the 
variations  of  the  spectrum;  whence  it  is  highly 
probable  that  this  sort  of  spectrum  is  typical  for 
the  long-period  variables  of  that  class."  This 
idea  is  borne  out  in  several  respects  by  observa- 
tions to  be  described  in  the  present  paper. 

In  Monthly  Notices  R.  A.  S.,  72,  546,  191 2, 
Hspin  gave  an  account  of  visual  observations  by 
himself  and  iMaunder  of  R  Cygni,  a  star  with  a 
peculiar  spectrum  but  resembling  this  general 
type.  Attached  to  the  article  is  a  description  of 
a  few  spectrograms  of  the  star  made  by  Wright 
at  Alt.  Hamilton. 

Professor  R.  H.  Curtiss,  while  at  Lick  Observ- 
atory, obtained  numerous  spectrograms  of  W 
C)gni',  a  star  possessing  a  spectrum  which  at 
times  comes  within  the  limits  of  Class  Md. 
Measurements  of  these  plates  by  the  writer  are 
recorded  in  the  present  paper. 

One  of  the  most  important  investigations 
bearing  upon  the  nature  of  these  stars  was  made 
in  the  laboratory  by  Fowler'.  His  experiments 
identified  the  conspicuous  and  characteristic 
flutings  seen  in  spectra  of  Class  M  with  those 
produced  in  the  outer  portions  of  the  titanium 
arc  and  presumably  due  to  titanium  oxide.  A 
photograph  of  the  spectrum  of  o  Ceti  by  Slipher 
was  compared  by  Fowler  with  a  negative  copy 
of  one  of  his  exposures  upon  the  arc;  the  two 
are  remarkably  and  convincingly  similar. 

Summary  of  Spectroscopic  Observations. — 
Nearly  all  long-period  variable  stars  show  essen- 
tially similar  spectra  known  as  Class  Md,  con- 
sisting of  a  continuous  spectrum  with  numerous 
absorption  lines  and  the  absorption  flutings  of 
titanium  oxide,  with  the  addition  of  the  bright 

'Lick  Observatory  Bulletin,  3,  41,  1904. 
'  Proc.  Roy.  Soc.,  73,  219,  1904. 
Mon.  Not.  R.  A.  S.,  60,  508,  1909. 
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lines  of  hydrogen,  which  do  not,  in  general,  fol- 
low their  laboratory  intensities. 

Two  stars,  o  Ceti  and  x  Cygni,  have  been 
studied  at  the  maximum  phase,  the  former  ex- 
tensively. The  bright  lines,  including  a  few  due 
to  other  elements  than  hydrogen,  show  variable 
relative  intensities,  and  are  displaced  to  the 
violet  about  0.25  A  with  respect  to  the  dark  lines. 

Radial  velocities  have  been  published  for  four 
stars: 

0    Ceti, 
X     Cygiii, 

La    Puppis," 

R    Cygni, 

There  is  no  evidence  of  variation  in  radial  mo- 
tion in  any  of  the  four. 

No  star  has  been  followed  spectroscopically 
through  its  entire  cycle.  The  practical  difficulties 
are  the  faintness  of  the  stars  at  minimum,  and 
the  fact  that  the  periods  of  many  are  almost  a 
year  so  that  a  certain  portion  of  the  cycle  is 
often  lost  for  several  successive  years  by  the 
proximity  of  the  sun. 

ANN    AKIiOK    01:S1;r\AT10NS 

The  present  observations  were  undertaken  with 
tile  hope  that  they  might  be  of  value  in  two 
directions :  first,  to  extend  the  investigations  of 
o  Ceti  and  x  Cygni,  in  a  partial  measure  to  nu- 
merous other  stars  for  comparison,  as  tending 
to  aid  in  the  interpretation  of  this  interesting 
type  of  variability;  and,  second,  a  determination 
of  a  considerable  number  of  radial  velocities  as 
a  contribution  to  our  knowledge  of  the  relation 
of  these  stars  to  those  of  other  spectral  classes. 
My  ob.servational  material  bears  principally  on 
the  bright  lines,  and  largely  on  those  due  to 
hydrogen.  The  exposures  were  often  too  short 
to  record  other  bright  lines  or  the  continuous 
spectrum  satisfactorily. 

The  Ann  Arbor  spectrograms  were  all  ob- 
tained with  the  one-prism  spectrograph  in  con- 
nection with  the  37J/2-inch  Cassegrain  reflector. 
The  first  plates  were  secured  with  the  instru- 
ment as  described  by  Professor  Curtiss  in  these 
Piihlications,  Vol.  r,  p.  37.  On  May  20,  1914, 
a  prism  of  light  flint  glass  was  substituted  for 

"Lick  Observatory  Bulletin.  7.  127.  1913. 


the  original  one  of  0:i02  glass.''  This  prism  was 
readjusted  on  Oct.  22,  1914,  changing  the  dis- 
persion somewhat. 

Bright  Lines. — There  follows  a  record  of  the 
data  yielded  by  the  bright  lines  of  forty-three 
stars,  forty  of  them  having  been  observed  at  Ann 
Arbor.  The  exposure  time  required  here  for  a 
star  of  a  given  magnitude  varied  greatly  with 
the  character  of  the  spectrum  as  well  as  with 
the  observing  conditions.  For  stars  not  fainter 
than  8.5  visual  magnitude,  good  images  of  the 
stronger  bright  lines  could  usually  be  obtained  in 
two  hours.  The  great  relative  intensity  of  the 
emission  lines  is  illustrated  by  the  fact  that  they 
are  frequently  well  exposed  on  plates  where  the 
continuous  spectrum  is  very  weak  or  invisible. 

The  principal  comparison  lines  (titanium 
spark)  together  with  the  bright  stellar  lines  are 
given  below  with  their  tabular  micrometer  set- 
tings for  a  screw  of  0.5  mm.  pitch.  The  origins 
of  the  stellar  lines  are  indicated.  In  a  few  in- 
stances the  wave-lengths  first  used  were  changed 
slightly  in  the  following  tables;  in  these  cases 
the  value  is  given  to  the  tenth  of  an  angstrom 
only. 

Magnitude  data  from  the  American  Associa- 
tion of  Variable  Star  Observers  has  been  an  aid 
in  making  out  the  progran)  since  many  of  the 
stars  could  be  observed  only  within  a  few  weeks 
of  maximum,  and  that  epoch  cannot  i)e  satisfac- 
torily predicted.  I  am  indebted  to  the  president, 
Mr.  William  Tyler  Olcott,  and  especially  to  Mr. 
Chas.  B.  Lindsley,  who  sent  a  considerable  num- 
ber of  current  magnitude  determinations  of  the 
stars  on  my  list. 

The  data  appearing  in  the  first  line  for  each 
star  are  taken  from  the  Annals  of  the  Harvard 
College  Obser:vJory.  The  number  appearing  be- 
fore the  name  of  the  star  indicates  the  star's 
position;  the  first  and  second  figures  give  the 
hour  of  right  ascension,  the  third  and  fourth  the 
minute,  the  fifth  and  sixth  the  degree  of  declina- 
tion ;  italics  denote  southern  declination-.  The 
time  of  the  maximum  was  kindly  supplied,  in 
most  cases,  by  Mr.  Leon  Campbell,  through  the 

"  Detroit  Observatory  Publications,  i,  77,  1915. 
"Gierke,  Problems  in  Astrophysics,  p.  362. 
"  Campbell,  Stellar  Motions,  p.  303. 
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courtesy  of  Professor  Pickering.  The  column 
headed  "Phase"  gives  the  fraction  of  the  period, 
before  ( — ),  or  after  (  +  ),  the  time  of  maximum. 
The  magnitude  of  tlie  variable  was  estimated  at 
tiie  time  of  each  spectroscopic  observation  by 
comiiariiig  it  with  adjacent  stars  in  the  four  inch 
linder.  using,  in  most  ca.ses,  Hagen's  magnitudes 
for  the  comparison  stars.    The  estimated  magni- 


tude a|4)cars  immediately  after  the  date;  if  con- 
sidered unreliable,  the  value  is  enclosed  in  paren- 
theses. The  intensities  of  the  bright  lines  are 
roughly  absolute:  i  indicating  the  weakest  image 
of  the  rather  wide  slit,  which  could  be  measured 
with  accuracy;  "v"  means  visible,  but  weaker 
than  I.  The  velocities  are  in  kilometers  per  sec- 
ond ;  a  colon  indicates  uncertaintv. 


T.^BLE  I. 


PRIOR  TO   I9I4 

.   M.\Y  22 

M.\Y  22 — OCT.   22 

AFTER   I9I4.  OCT.   22 

W.\Vi;-I.K.\GTH 

MICR. 

DV 
DR 

MICR. 

DV 
DR 

MICR. 

DV 
DR 

4981.93 

36.097 

37-616 

39-428 

488527 

39-192 

40-531 

42 

360 

4861.53   H/3 

39-988 

1825 

41.280 

1938 

43 

113 

1926 

4856.1 

40.170 

41-451 

43 

284 

4841.04 

40.686 



43 

773 

451^-93 

53-584 

4399-90 

.S8.938 

59.042 

61 

015 

4367.8 

60.561 

60.. 557 

62 

540 

4340.63  H7 

61-975 

I3H 

61.875 

1406 

63 

874 

1394 

4338.1 

62.107 

62.000 

64 

000 

4163.87 

72.132 

71 -.^46 

73 

425 

411J.8 

75-421 

74-405 

76 

505 

4101.98  Ho 

76. 150 

1091 

75-078 

1 174 

77 

186 

1157 

4082.63 

77-454 

76-295 

78 

413 

4078.65 

77  727 

76.548 

78 

668 

39-'4  60 

89.272 

89 

456 

3905.66  Si 

90.847 

917 

88.695 

993 

90 

925 

984 

3904-93 

90.908 

88.751 

90 

982 

3889.20  Hf 

92.239 

903 

89.978 

979 

92 

222 

969 

3882.73 

92.794 

90.490 

92 

739 
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001755.    T  CASSIOPEIAE. 

R.A.  o"  17'". 8;  Dec).  +55°  14'. 

Class,  Md8;   Magnitude,  6.9  lo   12.3.     Period,  445   days.     Time  of  maximum,   double, 
1914  Nov.  13,  magnitude  8.3;  1915  March  13,  magnitude  8.4. 

g.  m.  t.  m  \g.  rh.\se  velocity  .\nd  intensity 

h8 
1014   Xc)v.   _'7.6i  8.5  o.o±  •   — 27:  undere.xposed. 


001838.    R  ANDROMEDAE. 

R..\.  o"  i8"'.8;  Decl.  +.^8°   i'. 

Class,  Md2.     Magnitude,  6.0  to  14.9.    Period,  411  days.    Time  of  maximum,  May  J5,  1915. 

0.  m.  t.                    m.\g.         rh.\sk.  velocity  and  intensity 

h/3  h7                     h5  me.an 

1515  M.ay          30.84           7.3              0.0          — 29:(i,'/.)  — i8::(v)           — 38:(v)  —30 

July           5. Si          8.5          -1-0. 1          —39  Ci'/4)  (v)          — 45:(v)  —41 


Mean,    — 36 


Both  plates  underexposed,  and  measures  not  very  accurate. 


012502.    R  PISCIUM. 
R..\.  1"  25"'.5;  Uccl.  -h--  -'->'. 
Class.  Md7.    Magnitude,  7.6  to  13.5.     Period,  344  days.    Time  of  maximum,  1914  Nov.  14. 

C.  M.T.                        M.\C.      rH-VSE.  VELOCITY  .\ND  INTENSITY 

Hj3  H7                             h5  Hf    .  ME.\N 

1914     Nov.        6.60         8.3         0.0         —47  ■■■■Hi)  —58(5')              —59(4)  •■•  —58 

Nov.     22.69        8.2        0.0        —66;   (I I/,)  —58(5^)        —59(5)  (v)  —59 

Mean,    —59 

021024.    R  ARIETIS. 

R..\.  2"  io"'.4;  Decl.  4-24=  is'. 

Class,  Md4.     jMagnitude,  7.5  to  13.7.     Period,  187  days.     Time  of  maximum,  September 
7.  1914- 

G.  M.  T.                          M.\G.          THASE.  VELOCITY  .VND  INTENSITY 

h;3  H7                             h8  ME.VN. 

1914     Sept.     16.77          8.6             0.0        -f  106  (4)  -1-99(4—)          -1-99(2)  -l-ioo 

Sept.     24.79          8.5           -1-0. 1         -|-I0l:(2— )  -1-98(2)               -|-lo6:(i)  -fioo 

Sept.     26.78          8.5          +0.1        +102(3—)  +109(3)              +94(2)  +102 

Mean,    +101 

021143.    W  ANDROMEDAE. 

R..\.  j"  ii"'.2;  Decl.  +43"  50'. 

Class,   Md.     Magnitude,  6.5  to   14.0.     Period,  395  days.     Time  of  maximum,  February 
-.?,  1915- 

G.  M.  T.  M.\G.  PH.NSE.  VELOCITY  .\ND  INTENSITY 

H7  h5  Hf  ME-AN 

1915     Feb.      28.63  7.7  0.0  —40(2)  — 47  (S)  (v)  —44 
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021403.    "  CETI. 

R.A.  j"  I4"'.3;  Dccl.  —3"  26'. 

Class,  Md9.     Magnitude,  1.7  to  9.6.     Period,  332  days.     Time  of  inaxiiniiin,  February  I, 
1915. 

C-  M.  T.  MAC.      i'H.\SK  VEI.OCITV    .\.ND    INTENSITY 

117  110  Hf  HI  h9  Hi         mean 

1914  Dec.    25.48      5-6      —0.1       +58(1  +  )       +51(2)  +54 

2557      5-6      —0.1       +56(3)  +46(5)  +5-' 

1915  Jan.    29.55      3-7  0.0      +55(7)  +47(i2)      +64(3)         +69(1  +  )         +34(i-)         +64(1)       -|-53 
Nov.     5.68      6.6      +0.8       (Barely  v)  (i) 

12.66      6.2      +0.8      +57(1)  +42(3)  +49 


Mean,     +52 


A  scries  of  three-prism  measures  in  1897-1898  by  Campljell  and  Wright  ( .  i.s/co/'/i.v.wVa/ 
Journal  0,  32,  1899)  of  the  bright  H7  line  yielded  a  mean  radial  velocity  of  f  55  km.  The 
velocity  from  bright  H5  was  -f  49  km.  Measures  in  November,  1898,  on  four  bright  lines 
gave  a  mean  of  only  -(-44  km.  In  1902,  Stebbins  (Lick  Obscrz'ntory  Bulletin,  2,  93,  1902) 
found  the  mean  of  three  bright  lines  with  three  prisms  to  be  +  44  km.,  and  the  mean  of  four 
with  one  prism  to  be  +  48  km. 

The  mean  velocity  given  by  Plaskett  from  measures  of  the  bright  H7  line  on  fourteen 
three-prism  plates,  taken  in  December  1906  and  January  1907,  is  +46.1  km.  (Journal  R.  A.  S., 
Canada,  i,  53,  1907). 


REMARKS  ON  ANN  ARBOR  SPECTROGRAMS. 

Jan.  29.  The  bright  lines  are  somewhat  stronger  than  on  December  25. 

Nov.  5.  12.  The  bright  lines  are  weak  not  showing  the  contrast  with  the  continuous 
spectrum  exhibited  by  the  other  plates.  On  Nov.  5,  H7  is  so  weak  as 
not  to  be  readily  visible.  It  is  easily  seen  on  Nov.  12,  but  is  not  con- 
spicuous as  it  is  not  much  stronger  than  the  adjacent  continuous 
spectrum.  This  is  strikingly  at  variance  with  its  appearance  on  my 
earlier  plates,  and  as  observed  by  others.  For  instance,  referring  to 
three-prism  observations  in  1897  and  1898,  Campbell  says  "If  an  ex- 
posure of  an  hour  was  required  for  recording  the  dark  line  spectrum, 
an  exposure  of  two  minutes  under  the  same  conditions  would  record 
the  H7  band,"  and  in  January  1907.  Plaskett  estimated  "that  the  bright 
H^  had  an  intensity  about  15  times  that  of  the  continuous  spectrum  in 
that  region,  H7  about  25  times  and  H5  at  least  50  times."  The  star 
was  considerably  past  maximum  at  this  time. 


050953.    R  AURIGAE. 

R.A.  5"  g"-';  Decl.  +53'  28'. 
Class,  Md.    Magnitude,  6.5  to  13.8.     Period,  459  days.    Time  of  maximum,  April  12,  1915. 

C.  M.  T.  MAG.  PHASE.  VELOCITY  AND  INTENSITY 

H7  h5  Hf 

1915     JIarch       7.70  8.6  — o.i  — 14(2)  (v) 

12.72  8.5  —0.1  (barelyv)  +1(2) 

Mean,    —  9 : 


C.  M.  T. 

M.\C. 

VHASR 

1915     Feb. 

28.70 

8.2 

0.0 

28.74 

8.2 

0.0 

Mar. 

IJ.78 

8.1 

0.0 

28.71 

8.3 

+0.1 
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061702.     V  MONOCEROTIS. 

R..\.  6"  17'".-:  Decl.  —2°  9'. 
Class,  Md/.    Magnitude.  7.2  to  less  than  12.9.      Period,  ^$2  days.    Time  of  Maximum,  Febru- 
ary 17.  1915. 

C.  M.  T.  M.VG.         PHASE  VELOCITY  .\ND  INTENblTV 

H7  hS  Hf  HI         ME.\N'. 

1015     Feu.      19.64  7-6  0.0  +14(3)  +12(5)  +21(1)  (v)         +15 

19.68  7.6  0.0  +26  (i)  +12  (2)  +19 

Mean,        +16 

065355.    R  LYNCIS. 

R.A.  6"  S3'"o;  Decl.  +55"  28'. 
Class,  Mdl.    Magnitude,  7.0  to  13.8.     Period,  379  days.   Time  of  maximum,  March  4,  1915. 

velocity  and  intensity 
h/3  H7  ii5  mean 

+  16  (8)  -f  9(3)  -6(1)  +  9 

+2o:(7)  +16  (3J^)         —3(1)  +10 

+12  (sKO       +19(3)  C/O        -t-16 

+  9  (3)  +11  (2)  +10 

Mean,         +11 

071044.    L,  PUPPIS. 

R.A.  7''  10"". 5;  Decl.  — 44°  29'. 
Class,  Md6.      Magnitude.  3.4  to  6.2.     Period,   140  days.     Observations  by   D.   O.    Mills 
Expedition,  Santiago,  kindly  communicated  by  Director  Campbell,  as  follows : 
Two-prism  plates  1911.    Bright  lines  are  single  and  narrow. 
Br.  H7  and  Hfi  -f  49 

Br.  Hy  and  H«  +49 

Br.  H7  +57 

One-prism  plates  in  1914. 

Br.  lines  +50 

Br.  lines  +  51 

^lean  of  all  +  51 

084803.    S  HYDRAE. 

R.A.  8"  48"'.4;  Decl.  +3°  27'. 
Class,  Md4.    Magnitude,  7.5  to  13.0.     Period,  256  days.    Time  of  maximum,  April  3.  1915. 

G.  M.  T.  MAG.      PHASE  VELOCITY  AND  INTENSITY 

H;8  H7  h5  Hf  MEAN 

1015     :\Iarch  26.61        8.3        0.0        -f74(i!4)         +79(3)       +74(3—)      +77(5^)       +77 

085008.    T  HYDRAE. 

R.A.  8"  50"'.8;  Decl.  —8°  46'. 
Class,  Md4.    Magnitude,  7.0  to  13. i.    Period,  289  days.   Time  of  maximum,  February  22,  1915. 

C.  M.T.  MAG.         PHASE  VELOCITY   AND    INTENSITY 

H7  hS  mean 

1915      Feb.       ig.73  8.0  0.0  —10  (2)  —  9  (2+)  —10 

26.67  8.0  0.0  —13  (2)  —14  (3)  —14 

4\iean,        — 12 
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093934.    R  LEONIS  MINORIS. 
R.A.  (/  yf.6:  Dccl.  -(-.•i4°  58'- 
Class,  M(18.    Maniiitiule,  7.0  lo  13.0.    lVri(](l,  .^o  ila)-^.    Time  of  ma.siinuni,  January  14,  1915. 

C.  M.T.  MAG.  I1I.\SK  VKl.OCITV    .\  NU    INTKNSITY 

117                   nS  390s  iif  nv              nO              \t^           mh.w 

1915     Jan.     29,68        8.0            0.0         +  5(2)  —  6(5)  (v)  —  I 

29.76        8.0            0.0        —n{2)  —13(6)  (I)  —13 

Feb.    19.83        8.2        -fo.i        -8(4+)  -10(9)  -3(1)       +5(3)  +4(2)       -0(1)       +4('A)      -4 


Mean,        —  6 


1915     Feb.  19.83.  l)riKlit  Fe  4202.20  (Rowland)  gives  a  velocity  of  +  ikni. 


09421 1  R  LEONIS. 

R..\.  9"  42'". J ;   Dic-I.     Ill'   5.}'. 

Class,   Mflio.    Magnilndc,  4.6  to   10.5.  Period,  313   days.     Time  of  maxinmm,    February 
22,  1914. 

G.  M.  T.                    M.\C.      PHASE  VEt.OCITV    A.\D    INTENSITY 

117  4202                    IlS                   3905                   Hf              MEA.N 

1913  Dec.     14.98       8.6       —0.2  (v) 

21.88      8.4      —O.I  0(2)                                                  0 

1914  Feb.      1.80      6.7          0.0          0(3)  +4(9)                                               +2 

27.74      6.7       J-o.i       -2(3)  (l)           0(7)                             +S:(i)           0 

28.76      6.8      +0.1      —4(5)  —1(2)          0(11)         +2(1)       +7:(2)          o 

Mar.    14.74      6.8      +0.1      —3(5)  +3(2)       —1(10)              (v)       +3   (i)          o 

19-63      6.85     +0.2      —3(1)  —5(2+)                                           —4 

Apr.    11.60      8.0      +0.2      -1(4)  —1(2+)  +4(7)                                   (v)          o 

30.61       8.1       +0.3             (v)  (v) 


Mean,        0.0 


Observation  by  Lick  Observatory,  kindly  communicated  by  Director  Campbel 
Tbree-prtsm  plate,  brigbt  H7, —  10  km. 


103769.    R  URSAE  MAJORIS. 

R.A.  10"  37"'.6;  Decl.  +69°   18'. 

Class,  Md8.     Magnitude,  7.0  to  13.5.     Period,  302  days.     Times  of  ma.ximum.  May  14. 
1914,  March  i,  1915. 

C.  M    T.  M.\G.        Pn.\SE  •.  I.I.OCITV    AiND    INTENSITY" 

H/3  117  n5  3905  Hf  HI?  MEAN 

1914    May  30.64        8.1        +0.1  +27(6)         +20(9)  +33  (2—)         (v)         +25 

1015     Feb.  19.83       (7-0)  0.0  +25(7)         +23(8)  (v)         +35:(2)  +26 

26.74       (6.8)  0.0        +I0::(v)         +17(5)         +21(7)  +28   (1+)  (v)         +19 

Mean,         +23 

A  narrow  nia.ximum,  possibly  a  brigbt  line,  was  measured  on   1915,  February,  26.74,  3t 
413S.75,  -\   (reduced  to  rero  velocity). 
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121418.    R  CORVI. 

R.A.   12"  I4"'.4;  Decl.  —18°  42'. 
Class,  Md6.     Magnitude,  7.5  to  12.6.      Period,  318  days.     Time  of  maximum,  May  19,  1915. 

G.  M.  T.  MAG.  PHASE  VELOCITY   AND   INTENSITY 

H7  h5  mean 

1915     May      9.68  7.6  0.0  —36(2)  —40(2+)  —39 

June      462  7.8        +0.1  —29(1)  —28(1  +  )  —29 

Mean,        ^34 

123160.    T  URSAE  MAJORIS. 

R..\    12"  3i"'.8;  Decl.  +60°  2'. 
Class,  Md6.    Magnitude,  6.4  to  13. 1.     Period,  257  days.     Time  of  ma.Kimum,  April  27,  1914. 

C.  M.  T.  mag.  THASE  velocity    AND    INTENSITY 

H7  h8  mean. 

— iq6  (2)  — 112  (3)  — 109 

—  101(2)  —110(3)  —105 

—107(1)  — io8(i'^)        —107 

Mean,        — 107 


123307.    R  VIRGINIS. 

R.A.  12"  33"'4:  Decl.  +7°  32'. 
Class,  Md5.     Magnitude.  6.4  to  12.  i.     Period,  146  days.     Time  of  ma.ximum,  April  14,  1915. 

G.  M.  T.  MAG.  PHASE  VELOCITY    AND   INTENSITY 

H7  hS  mean 

1915     Mar.      28.79  7-9  —01  —23(3)  —42(4)  —32 

Apr.       16.66  7.9  0.0  —27(1)  — 26  (J^)  —27 

May        7.60  8.1  +0.1  —46(2 — )        —40(1)  —44 

Mean,        —35 


123961.    S  URSAE  MAJORIS. 

R.A.  12"  39"'.6;  Decl.  +61°  38'. 
Class,  Md4.     Magnitude,  7.3  to  12.5.     Period,  226  days.     Time  of  maximum,  June  19,  1915. 

PHASE  VELOCITY   AND    INTENSITY 

H^  H7  MEAN 


1914      Apr. 

11/5 

8.3 

— 0. 1 

May 

2.68 

8.1 

0.0 

16.74 

8.4 

+0.1 

C.  M.  T. 

MAG 

1915     Apr. 

25.66 

8.5 

May 

7.69 

8.5 

June 

11.68 

8.1 

June 

.25.66 

7.8 

-0.2 

—6:: 

0.0 

+6     (2) 

0(2-) 

0.0 

+2     (3) 

-4(4) 

+2 


Mean, 
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132422.     R  HYDRAE. 

K.A.   13-  J4"'..';   Dccl.  —2-'°  46'. 

Class,  Md.  Magiiitiido,  4.0  lo  9.8.  Period,  4J5  days.  Time  of  niaxinuiin.  April  i.  1914, 
A  ray  ;.  1915. 

G.  M.  T.  MAO.  PII.VSE  VKI.OC1TY    .AND    INTE.VSITY 

Up  H7  H*  Hf  III        MEA.V 

1914  May     28.65       (6.6)       +0.1  —22(3)       —24(5)  (v)  — 2J 

1915  ^[ay     30.61         4.9         -ho.  I       —28(2)       —32(5)       -27(7)       —15(2)        (l)       —27 

30.64         4.9         +0.1       —28(1)       —28(5)       —30(7)  (l)  (v)       —29 

Mean.        — 26 

A  narrow  maximum,  possibly  a  bright  line,  measured  on  1913,  May,  30.61  at  4202.38 
A  (reduced  to  zero  velocity.)  If  this  is  Fe  4202.20  (Rowland),  it  gives  a  velocity  of  — 15 
km.  reduced  to  sun. 

Observations  by  Lick  Observatory,  kindly  communicated  by  Director  Campbell :  two 
tlirce-prism  plates,  bright  H7.  —  26  km. 

134440.    R  CANUM  VENATICORUM. 

R.A.    i.V  44"'.6;   Ded.   +40     2. 
Class,  Md9.    Magnitude,  6.1  to  12.7.    Period,  333  days.    Time  of  maximum,  April  2.  1914. 

VELOCITY    AND    INTENSITY 

H7                        h5                            Hf  nv          MEAN 

-24(2)            —20(3)  —22 

-13(1)            — 22(l'/4)  —19 

-29(2)         -24(5)  (I)  (v)         -26 

-32:(2)       -25(5)         —13(1  +  )  (v)         -25 

Mean,        — 24 
142539.    V  BOOTIS. 
R.A.  14"  25"'.7 ;  Decl.  +  39°  18'. 
Class,  Md7.     ^lagnitnde,  6.9  to  11. 0.     Period,  256  days.     Time  of  maximum.   May  24, 
1014,  Feb.  29,  1915. 

G.  M.  T.  MAG.  PHASE  VELOCITY    AND   INTENSITY 

H7  h5  Hf  HI         MEAN 

1914  May     28.74        7/5  0.0        —39  (i)         —31(2—)  —34 

1915  Feb.     28.90        7.6  0.0        —48  (2)        — 44(3'-4)        —46(1—)         (v)        —46 
Mar.     12.88        7-7          +0.1        —39:12)        —41(3)  —40 

Mean,        — 41 
143227.    R  BOOTIS. 
V...\.  14"  32"'.8;  Decl.  +2;=    lo'. 
Class,  Md4.     Magnitude,  6.6  to  12.9.     Period,  223  days.     Time  of  maximum,  April  5,  1915. 

\-EL0ClTY   AND   INTENSITY 
H7  H*  Hf  MEAN 

—52(5)  —57(5—)  —54 

—49(5)  —55(4)  (v)  —52 

-53(5)  -62(4)  -58 

-59(6)  -57(5)  (O  -58 

-60(3)  -65(2)  -62 

Mean,        — 57 


March  5,  1915. 

C.  M.  T. 

MAC. 

PHASE 

1014    May    30.74 

(8.2) 

•fO.2   - 

June    11.66 

8.1 

+0.2 

1015     Mar.    26.69 

7-Z 

+0.1 

26.74 

7-3 

+0.1 

0.  M.  T. 

MAC. 

PHASE 

;    Feb. 

26.85 

8.2 

—0.2 

28.81 

8.3 

— 0.2 

Mar. 

7.81 

-■9 

—O.I 

26.81 

7-3 

0.0 

Apr. 

16.73 

7.6 

+0.1 
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Class,  Mdp.    Alagnitude,  6.7  to  12 
1914,  February  13,  1915. 

MAG.         PHASE 

HiS 


151731.    S  CORONAE. 

R.A.  15"  I7"'.3;  Decl.  +31°  44'. 

Period,  361  days.    Time  of  ma.ximum,  February  26, 


3905 


Hi: 


VELOCITY   AND   INTENSITY 
HI)  h9 


1914     Apr. 

9.90 

8.6 

+0.1 

1515     Feb. 

26.93 

7-3 

0.0 

Mar. 

7.80 

7-4 

+0.1 

7  94 

7A 

+0.1 

H7  h5 

—13(2)   -24(5) 
-22(2)  —26(10) -26(14)    -24(1)         -13(3+)     -13(2)  (I) 

-32:(i'/2)  -22(6)   -25(9)      -i8:(i-)  -15(4)         -15(2+)    -27(1  +  ) 
(I-)     -25(8)   -26(12)  (v)        -I7:(2)  (I)  (v) 


A  narrow  ma-ximum,  possibly  a  brigbt  line,  was  measured  as  follows : — ■ 

Wave  length   reduced  to  zero  velocity. 


1915    Feb.  26.93 
Mar.     7.80 


4138. 95A 
4138.91 


This  line  was  also  measured  by  the  writer  in  the  spectrum  of  103769  R  Ursae  Majoris, 
4138.7s  A,  and  by  Plaskett  in  the  spectrum  of  0  Ceti,  4138.78  A  (Journal  R.  A.  S.,  Canada,  i, 
5.',  1907). 


154615.    R  SERPENTIS. 

R.A.  15"  46'".! ;  Decl.  +  15°  26'. 

Class,  Md8.    Magnitude,  5.6  to  13.     Period,  357  days.    Time  of  maximum,  April  i,  1914, 
April  12,  191 5. 

G.  M.  T.  MAG.  PHASE  VELOCITY    AND   INTENSITY 


h;3 

H7 

hS 

Hf            MEAN 

1914     Apr.     11.88 

(6.5) 

0.0 

+  5(7) 

+13(14) 

+9(10) 

(v)               +10 

30.72 

(6.3) 

-fo.i 

+  I3:(I) 

-3(i) 

+9(3) 

+    5 

May      2.79 

(6.3) 

+0.1 

(1/2) 

(5) 

(4) 

Comps.  poor 

14.70 

7.0 

-l-O.I 

(I) 

+  7(4) 

+5(4) 

+  6 

1915     Mar.    26.89 

(7-6) 

0.0 

(?) 

+  19(5) 

+5(8) 

+22:(i)      +9 
Mean,        +  8 

-12(1  +  )  —22 

-  8(1  +  )  -21 

(v)  —24 

Mean,  — 22 


162119.    U  HERCULIS. 

R.A.  16"  21"'. 4;  Decl.  +19°  7'. 
Class,  Md(8).    Magnitude,  6.4  to  12.0.      Period,  403  days.     Time  of  maximum,  May  5,  1915. 

VELOCITY    .\ND   INTENSITY 
H7  h5  mean 

— 3S(i)  —43(4)  —40 

—43(1—)         —40(3)"  —41 

—34(2)  —47(5)  —40 


G.  M.T. 

MAG. 

PHAS 

915     Apr. 

16. 8i 

7-7 

0.0 

25-77 

7.2 

0.0 

May 

7-79 

7.6 

0.0 

Mean,        — 40.4 

The  class  of  this  star  appears  in  Annals  H.  C.  O.,  Vol.  56,  p.  203  as  Md.  However,  from 
c.n  examination  of  Mrs.  Fleming's  record  book,  I  believe  that  she  meant  to  classify  it  as  Md8. 
This  is  in  agreement  with  both  the  Harvard  and  Ann  Arbor  spectra. 
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163137.    W  HERCULIS. 

R.A.  16''  31"'. 7;  Dccl,  +37°  32'. 
Class,  likls.    MngniUidc,  7.8  lo  13.5.     Period,  280  days.    Tinie  of  niaximuni,  July  11,  KjlS- 

G.  M.  T.  MAO.  riI.\SE  VKt.OClTY    ANU    INTENSITY 

H7  118  MEAN 

191S     June   11.80  8.6  — o.i  —30(i'A)  —62(2)  —57 

13.70  8.5  —0.1  —61(2)  —59(3—)  — ^ 

Mean,        — 59 

164715.    S  HERCULIS. 

R.A.  16"  47"'.4;  Decl.  +15°  7'. 

Class,  Md6.     Magnitude,  7.3  to   12.6.     Period,  308  days.     Time  of  nia.ximum,  July  28, 
1914,  May  26,  1915. 

G.  M.  T.  MAG.  PHASE  VELOCITY    AND   INTENSITY 

Hj3  H7  hS  Hf        MEAN 

1914  Aug.      8.66  7.8  0.0  — iS(i)        —23(1+)  —21 

15-69  7-7  +0.1  (i— )  —22(3)        —22(3)  —22 

1915  May     30.69         (7.4)  0.0  —21(1)        —22(2)  (v)        —21 

Mean,        —21.3 


170215.     R  OPHIUCHI. 

R.A.  17'"  2"'.o;  Decl.  —15°  58'. 
Class,  Md8.     Magnitude,  7.1  to  13.6.     Period,  302  days.     Time  of  maximum,  June  24,  1915 

G.  M.  T.  MAC.  PHASE  VELOCITY    AND   INTENSITY 

H7  hS  mean 

1915    June  20.73  7.6  0.0  —64  (i)  —59  iVA)  —61 

27-70  7-6  0.0  —54  (3)  —59  (3)  —57 

Mean,       — 59 


171401.    Z  OPHIUCHI. 

R.A.  17"  I4'".5;  Decl.  +  i°  37'. 

Class,  Md(2).     Magnitude,  7.5  to  12.5.     Period,  348  days.    Time  of  maximum.  May  27, 
1914,  May  2,  1915. 

VELOCITY   AND   INTENSITY 

H^  H7  hS  MEAN 

(i_)  —  86:(i)  _8o:(i"^)        -83 

— I03:(i)  —84(1^^)       — 92:(v)  —89 

—  97:(2)  —102  (3)  —95   (i)  —99 

-  98  (3)  —  92   (2)  -99:(i)  -96 

Mean,        — 93 


C.  M.  ■! 

t. 

MAG. 

PHASE 

1914     June 

11.76 

8.0 

0.0 

18.74 

7.8 

+0.1 

Jnly 

2.66 

8.1 

+0.1 

1915     May 

30.76 

7-8 

— 0.  I 

10 14     Sept. 

16.60 

8.4 

— 0. 1 

24.60 

(8.S) 

0.0 

Oct. 

2.63 

8.3 

0.0 

1915     Mar. 

7.90 

8.0 

0.0 

H7 

H« 

MEAN 

135    (2) 

—131     (2+) 

—133 

-117:  (2-) 

-123:  (2) 

— 120 

132    (2) 

-125    (2) 

— 129 

132  (4-) 

—133    (3) 

—132 

Mean, 

—130 

G.  M.  T. 

M-^G. 

PH.\SE 

1914     July 

9.67 

8.2 

—0.0 

9/8 

8.2 

— 0.0 

18.64 

7-7 

-fo.i 
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180531.    T  HERCULIS. 

R.A.  18"  5'".3;  Decl.  +31°  o'. 

Class,  Md3.     Magnitude,  7.2  to  13.6.     Period,   165  days.     Time  of  ma.ximum,  Sept.  27, 
1014;  March  3,  1915. 

G.  M.  T.  M.NG.  PH.ASE  VEr.OCITY    AND    INTENSITY 


:(2) 


181 136.    W  LYRAE. 
R.A.  18"  ii"'.s;  Decl.  +36°  38'. 
Class,  Md.     Magnitude,  7.6  to  12.5.     Period,  197  days.     Time  of  maximum,  1915,  Jan.  14. 

VELOCITY    AND   INTENSITY 
11)3  H7  h5  ilEAN 

(V)  -184    (2+)  -198    (2-)  -191 

-183  (1  +  )        -179  (3)  -184  (2)  -182 

— I72:(i)  —184   (2)  —191    (2—)  —184 

Mean,        —186 

It  is  an  interesting  coincidence,  showing  the  great  velocity  of  approach,  that  the  bright 

H7   line   lies   very   nearly  between   the   two   components   of   the   titanium   comparison   line 

4338.10  A.    The  bright  hydrogen  lines  appear  monochromatic,  i.  e.,  no  wider  than  comparison 

lines  of  equal  strength. 

183308.    X  OPHIUCHI. 

R.A.  18"  33'".6;  Decl.  +8°  44'. 

Class,  Md8.     Magnitude,  6.5  to  9.0.     Period,  335  days.     Time  of  maximum,  Nov.  3,  1914. 
Oct.  9,  1915. 

VELOCITY    AND    INTE.N'SITY 
H7  hS  Hf  MEAN 

— 95:(i)          — 89:(i— )  —91 
Faint  continuous ;  no  bright  lines. 

—85:  -85 

-76:  :C/^)      -84  (2+)            -6o::(v)  -^^ 

-93::(/2)       -86  (2)                            (v)  -86 

INIean,  —86 

1915    July  5.67,  bright  H5  does  not  appear  monochromatic,  being  sharper  on  the  violet  edge 

193311.    RT  AQUILAE. 

R.A.  19''  33'".3;  Decl.  +11°  30'. 
Class,  Mdg.     Magnitude,  8.0  to  <I3.     Period,  326  days.       Time  of  maximum.  Aug.  4,   1914. 

G.  M.  T.  MAC.  PHASE  VELOCITY    AND    INTENSITY 

H7  h5  mean 

1914     July      18.76  8.2  —O.I  —51    (2)  —61    (3)  —55 

25.66  8.3  0.0  —48  (2)  —58  (3'/0  —54 

25-77  8.3  0.0  —50  (3)  —59  (4)  —54 

Mean,  —54-2 


G.  M.  T. 

MAG. 

PHASE 

1 9 14    Nov. 

27.48 

7.0 

+0.1 

lOiS    June 

4-73 

8.S 

—0.4 

July 

5. 67 

8.1 

—0.3 

Aug. 

6.67 

7.6 

— 0.2 

Aug. 

963 

7-55 

— 0.2 

ruBijcATinxs  of  thi-:  ouskrvatory 
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193449.    R  CYGNI. 

R.A.  19"  34".!;  Decl.  +49°  58'. 

Class,  Peculiar.     Magnitude,  6.6  to  13.9.     Period,  426  days.     Observations  by  Wright  at 
Lick  Observatory.    Mon.  Not.  R.  A.  S.,  72,  548,  1912,  as  follows: 


1911 

t     Dec. 

5 
II 

+ 
+ 

1912    Jan 

13 

+ 

— 

78: 

:(io+?) 

Mean, 

Severa 

1  other  b 

right  li 

ines 

were  suspected. 

VELOCITY   AND   INTENSITY 

—43  —30 

—43  (10)        —30  (4) 
-56  (10) 


—47 


-.^o 


h3  mE.\n 

—10:  —30 

—33   (2)  —34 


-26 


194048.    RT  CYGNI. 

R..A..  19"  40'".8;  Decl.  +48°  32'. 

Class,  Mds.    Magnitude,  6.7  to  12.0.    Period,  190  days.    Time  of  maximum,  Oct.  2,  1914, 
April  12,  1915. 


G.  M.  T. 

MAG. 

PH.\SE 

VELOCITY 

.\N-D    IXTEN'SITV 

H/3 

H7 

hS 

nf 

ME.\N 

1914     Sept. 

24.67 

7.6 

0.0 

-140:  (2+) 

—123    (4) 

—129    (3) 

-Il6::(!4) 

—127 

24-73 

7.6 

0.0 

-i3.S::(i) 

-125  (3-) 

-127    (2) 

—127 

26.70 

(7.6) 

0.0 

—130     (2) 

—129  (4) 

-119   (3) 

—125 

Oct. 

11.58 

7-4 

+0.1 

-113::  (2-) 

—129  (4) 

—129    (3) 

—128 

Mean, 

Five  plates  were  obtained  by  Frost  and  Parkhurst  during  the  first  half  of  December,  1905. 
Bright  H7  and  H8  gave  a  radial  velocity  of  —  100  km.  Publications  Astronomical  and  Asiro- 
fhysical  Society  of  America,  I,  244,  1910. 


-126.8 


194632.     X  CYGNI. 

R. A.  19"  46"'.7 ;  Decl.  +  32°  40'. 

Class,  Md6.     Magnitude,  4.0  to  13.5.     Period,  406  days.     Time  of  ma.ximum,  Dec.  13,  1914. 

G.  M.  T.  M.^G.     PHASE  VELOCITY   AND    INTENSITY 

H/3  H7  hS  Hf  HI    MEAN 

1914    Nov.    27.52      5.1      0.0      —17(2+)       —14(3)      —20(5)  —15(1)       (v)     —16 

27.55      5-1      0.0      — 24(2'/<)      —13(3)      —21(5+)  (v)  —18 


Mean,        — 17 

Eherhard  (Ap.  J.,  iS,  198,  1903)  records  velocities   from  the  bright  lines  as  follows: — 

1901;  26  plates  from  Aug.    2  to  Nov.  23.        H7         — 19.7  km. 

9  plates  from  Sept.     7  to  Nov.  23.     Fe  4308    — 20.3 
1902;  18  plates  from  Sept.  22  to  Dec.    12.        H7         —21.0 

H7  was  hazy  toward  the  red  as  was  also  H5.  From  1901,  Aug.  2  until  Sept.  19,  HS  was 
considerably  stronger  than  H7 ;  from  Oct.  3  to  15,  H7  and  HS  differed  little  from  each  other. 
On  Oct.  26  they  were  equal ;  and  on  Nov.  9  and  23  H7  was  brighter  than  H8.  The  Fe  line 
X43oS  increased  in  brightness  the  fainter  the  star  became.  Other  bright  lines  were  observed; 
H7,  H8,  Hf,  H«,  Hi.  3905.8  Si  ?,  Fe  4402  and  other  Fe  lines. 


IQI4,  Nov.  2,  1914. 

G.  M.  T. 

M.\G. 

PHASE 

1914    May      30.84 

8.4 

— O.I 

June     25 .  78 

8.3 

+0.1 

July        4.81 

8.7 

+0.1 
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205923.    R  VULPECULAE. 

R..\.  20"  sp-'.p;  Decl.  +23°  26'. 
Class,  Md6.     JNIagnitiide,  7.5  to  12. i.     Period,  137  days.     Time  of  nia.ximum,  June  16, 

VELOCITY   AND   IXTE-N'SITY 
H^  H7  h5  mean 

-15     (i^)  —  S:(i)  —12 

-9 :(■•<)  -21     (1/2)  -27  (I)  -22 

0::(v)  — I3:(v)  —10 

Mean,        — 17 

210868.    T  CEPHEI. 

R. A.  21"  8"'.2 ;  Decl.  +  68=  5'. 
Class,  Mdp.     JNIagnitude,  5.1  to  10.5.     Period,  387  days.     Time  of  maximum,  Nov.  13,  1914. 

G.  M.  T.  MAG.        PHASE  VELOCITY   AND   INTENSITY 

H7  hS  Hf  HTJ  h9       mean 

1014   Nov.    6.56      (6.7)      0.0      —36  (2—)      —33  (4)  —22  (i)  (v)  —32 

6.60       (6.7)       0.0      -28(3)  -31(5+)       ^20(2-1)      (v)       (v)       -29 

Mean,        — 30 

213244.    W  CYGNI. 

R.A.  21"  32'".2;  Decl.  +44°  56'. 
Class,  Mc.    Magnitude,  5.0  to  6.7.     Period,  132  days.    The  following  are  measures  made 
by  the  writer  of  plates  taken  by  Professor  R.  H.  Curtiss  at  the  Lick  Observatory  in  1903,  with 
spectrograph  I.     See  Lick  Bulletin  s,  41,  1904.      I  am  indebted  to  Professor  Curtiss  and  to 
Director  Campbell  for  the  opportunity  of  using  them. 

radiai,  velocity 


H7 

H« 

MEAN 

1903     Aug. 

3 

— 21 

—18 

—19 

Aug. 

7 

—27 

-36 

—31 

Aug. 

26 

—24 

-36 

—30 

Sept. 

13 

—22, 

—23 

Aug. 

3 

Aug. 

9 

Aug. 

14 

Aug. 

17 

Aug. 

26 

Sept. 

4 

Mean,        — 26 

NOTES  ox   BRIGHT  HYDROGEN  LINES  FROM   THESE  AND  OTHER   PLATES. 

1903     July    19     Bright  lines  weak,  if  present. 

H73,  H54,  both  showing  fair  contrast  with  the  background. 
Probably  the  same  as  Aug.  3. 
H74,  H55,  contrast  a  little  stronger. 
Contrast  slightly  stronger. 
Contrast  slightly  less. 

Contrast  of  bright  lines  decidedlj'  less  than  on  Aug.  26.    The  bright  lines  are 
not  sharply  distinguished  from  the  background. 
Sept.    6    .^bout  the  same  as  Sept.  4. 

Sept.  13    H7  is  weak,  if  present,  not  being  as  strong  as  several  spaces  of  the  con- 
tinuous spectrum  near-by.     Bright  HS  is  just  seen. 
Sept.  23-Dec.   28.      (Ten   plates.)      Bright   lines   not    distinguishable;    very    weak,    if 
present. 

The  times  of  ma.ximum  were  "earl)-  in  .\ugust  and  in  the  middle  of  December."  Mini- 
mum occurred  about  October  12.  It  appears  then  that  bright  lines  may  or  may  not  be  seen 
as  the  star  reaches  maximum. 

An  underexposed  plate  taken  at  .\nn  .•\rbor  on  July  2,  1914,  shows  H5,  and  possibly  also 
H7,  faintly  bright. 


PUmjCATIOXS  OI'"  Till",  OI'.SF.RVATORY 

231425.    W  PEGASI. 

K.A.  2.i"  I4"'.8;  Decl.  +25°  44'. 
Class,  Md8.     Magnitude,  7.5  to  1.3.5.     Period,  342  day.s.     Time  of  maximum,  July  6,  1914. 

VKI.OCITY    AND    INTENSITY 
117  118  MEAN 

—39  (I)  —40  (3)  —43 

—30    (l)  —32    (3)  —31 

—31   (i)  —33  (3!'i)  —33 

Mean,       —35 
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1-..  M.  T. 

MAO. 

I'llASlC 

1914     July 

25-85 

7.8 

+0.1 

30.78 

7-8 

-fo.i 

30.86 

7.8 

+0.1 

231508.    S  PEGASI. 

R.A.  23"  I5"'.5;  Decl.  +8°  2'. 
Class,  MdS.     Magnitude,  7.8  to  12. g.     Period.  318  days.    Time  of  ma.xiniuni,  July  16,  1915. 


G.  M.  T. 


MAG. 


TH.KSE 


VEl.ciClTV    ANU    INTENSITY 

110                       H7                            nS                   Hi;  MEAN 

1915     June    25.81             8.3            —0.1             (v)             —4(4)             —9(5)          (v)  —6 

27.81             8.2            -O.I                               -7(5)             -9(4)          (v)  -8 

Mean,  —7 


235350.    R  CASSIOPEIAE. 

R.A.  23,"  53"'.3 ;  Decl.  +  50°  50'. 
Class,  Md8.     Magnitude,  5.3  to  12.8.     Period,  432  days.    Time  of  ma.ximuni,  Oct.  4,  1914. 


G.  M.  T. 

MAC. 

PHASE 

VELOCITY   AND   INTENSITY 

II/3 

H7 

H« 

3905                                 Hf 

nv 

MEAN 

1914    Aug. 

1577 

(7-5) 

—O.I 

+25:(i) 

+  12    (2+) 

+  16: 

Sept. 

9.68 

6.5 

— 0.  I 

+ 

10  (v) 

+  9  (15) 

+  8  (22) 

+  10  (i)            +15  (3+) 

(v) 

+  9-7 

9.72 

6.5 

— 0.  I 

(?) 

+  10  (12) 

+  6  (18) 

(I-)          +21    (•!) 

(V) 

+  9-6 

9-75 

6.5 

—O.I 

+  8  (6) 

+  6  (10) 

(v) 

+  7- 

16.70 

6.5 

0.0 

+12  (3) 

+  8  (5) 

+10. 

Oct. 

11.64 

6.4 

0.0 

+  8  (2) 

+  6  (3) 

+  7. 

Mean, 


BRIGHT-LINE  R.XUIAI,  VELOCITY 


Sept. 


9. 68 

9.72 


4007.35  A 
4007.13 


+  26  km. 
+  10 


+  9-4 


The  assumed  normal  wave-length  of  4007.0  was  deduced  from  Stebbins'  measures  of  the 
line  in  the  spectrum  of  0  Ceti. 

The  radial  velocities  from  the  bright  lines  are  36.5  km.     The  algebraic  mean  is  — 21.4  km.    It 

collected   in   Table    II.      In   no    instance   is    the  is  noteworthy,  althoiigli  possibly  only  a  coinci- 

motion   thought   to   be   variable.     The   residual  j^,^^^^  ^j^^^  ^j^j^  ^,^j^,g  j^^^  ^^^  ^^.^^^  ^-^^  ^^^^  ^^out 

velocities  are  computed  on  the  assumption  that  ,                           •      ,            , 

^,               .                   I  •        ,1           •  ,                 o     /  the  same  magnitude  as  the  average  divergence 

the  sun  is  approaching  the  point  a  =  270     o  ,  *                                     00 

8=r  4-  28°  o',  with  a  speed  of  20.0  km.  per  sec-  'between  bright  and  dark  line  velocities  to  be  dis- 

ond.     The  mean  taken  without  regard  to  sign  is  cussed  later  in  this  paper. 
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TABLE  II.     RADIAL  VELOCITIES  FROM  BRIGHT  LINES. 


OBSKRVKD 

RESIDUAL 

STj\R. 

VELOCITY. 

VELOCITY. 

REMARKS. 

ooi7.=;5 

T  Cassiopeiae 

—  27  km. 

—  20  km. 

001838 

R  .Andromeda' 

-36 

—  31 

012502 

R  Piscium 

—  59 

-65 

021024 

R  Arietis 

+101 

+   96 

021 143 

W  Andromedse 

—  44 

—  44 

03 t 043 

0    Ceti 

+  52 

+  42 

050953 

R  Aurigae 

—    9 

—  12 

06 1/03 

V  Monocerotis 

+  16 

—    2 

065355 

R  Lyncis 

+  II 

-f-    9 

o/io-l-l 

L2  Puppis 

+  51 

+  32 

D.  0.  Mills  Expedition. 

084803 

S  Hydrs 

+  77 

+  65 

oSsooS 

T  Hydrre 

—  12 

—  26 

093934 

R  Leonis  Minoris 

—    6 

—    9 

09421 1 

R  Leonis 

0 

—    8 

103769 

R  Ursse  Majoris 

+  23 

+  30 

12141S 

R  Corvi 

—  34 

-36 

123160 

T  Ursse  Majoris 

—107 

-98 

123307 

R  Virginis 

—  35 

—  31 

I 2396 I 

S  Ursse  Majoris 

—     I 

+    9 

132423 

R  Hydrx 

—  26 

—  24 

134440 

R  Caniim  Venaticorum 

—  24 

—  12 

142539 

V  Rootis 

—  41 

—  27 

143227 

R  Bootis 

—  57 

—  43 

151731 

S  Coronse 

—  22 

—    6 

1 5461 5 

R  Serpentis 

+    8 

+  25 

162119 

U  Herculis 

—  40 

—  22 

163137 

W  Herculis 

—  59 

—  40 

164715 

S  Herculis 

—  21 

—    5 

170215 

R  Ophiuchi 

—  59 

—  45 

171401 

Z  Ophiuchi 

—  93 

—  75 

18053 1 

T  Herculis 

—130 

—no 

181 136 

W  Lyra; 

—186 

—166 

183308 

X  Ophiuchi 

—  86 

-67 

19.331 1 

RT  Aquilsc 

—  54 

-36 

■93449 

R  Cygni 

—  34 

—  15 

Wright 

194048 

RT  Cygni 

—127 

—109 

194632 

X  Cygni 

-17 

+    I 

205923 

R  Vulpeculse 

—  17 

—    2 

210868 

T  Cephei 

—  30 

—  17 

213244* 

W  Cygni 

—  26 

—  12 

231425 

W  Pegasi 

—  35 

—  27 

23150S    ! 

S  Pegasi 

—    7               ' 

—    2 

235350 

R  Cassiopeise 

-Mgebraic   Mean    . . . 

+     9 

+  17 

—21.4 

.Arithmetic  Mean    . . 

36.5 

Plates  by   R.   H.  Curtiss  at  Lick  Observatory,  measured  by  Merrill. 
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]f  each  of  tlic  residual  velocities  be  corrected 
by  -}-  17  km.,  there  will  be  21  positive,  i  zero, 
and  21  negative  values.  The  arithmetic  mean, 
32.1  km.,  will  then  be  a  minimum.  This  would 
not  be  reduced  by  using  the  dark  line  velocities 
where  known.  We  may  then  take  the  average 
value  of  the  residual  motion  as  derived  from  the 
present  data  as  32  km.,  making  them  apparently 
the  swiftest  of  any  class  of  stars  so  far  investi- 
gated. 

There  are  strong  indications,  however,  that 
the  observed  velocities  are  not  wholly  at  random 
but  are  affected  by  a  motion  systematic  with  re- 
gard to  the  extensive  group  of  stars  from  which 
the  solar  motion  has  been  determined.  The  cor- 
rection to  remove  the  velocity  due  to  the  sun's 
motion  is  J'O  cos  d,  where  J'O  is  the  sun's  speed, 
and  (/  is  the  angle  between  the  star  and  the  solar 
apex.  The  residual  velocities  are  collected  in 
Table  III  with  respect  to  this  correction,  where 
VO  is  taken  as  20.0  km.  This  is  done  in  order 
that  the  effect  of  assuming  other  values  of  the 
sun's  speed  may  be  easily  estimated.  In  view  of 
the  small  number  of  stars,  their  large  individual 
motions,  and  their  lack  of  uniform  distribution 
over  the  sky,  it  has  not  been  considered  advisable 
to  make  a  solution  for  the  sun's  motion.  It  is 
obvious,  however,  from  Table  III,  that  if  the 
apex  be  assumed  as  a  =  270°  o',  S  =  +  28'  o',  a 
velocity  much  higher  than  20.0  km.  would  result, 
or  in  other  words,  these  43  stars  seem  to  have  a 
systematic  motion  in  the  general  direction  of  the 
solar  ant-apex. 

T.^BLE  in.    RESIDUAL  VELOCITIES  FROM 
BRIGHT  LIXES  BY  ZOXES. 


AVERAGE 
RKSIDUAL 
VELOCITY. 


NO.  01"  STARS. 


—  20  to  — ■  10 

—  9  to  —  5 

—  4  to  O 

-!-  I  to  -f-  5 

-I-  6  to  -1-  10 

-t-  n  to  -I-  IS  ■ 

-f  16  to  -|-  20 


+  22 

5 

+   8 

3 

—  16 

5 

—  22 

4 

—  15 

6 

—  23 

7 

—  fS 

13 

Table  I\'  exhibits  the  relation  between  residual 
velocity  and  maximum  magnitude  as  taken  from 
Amials  H.  C.  0.,  5(5,  pp.  197  ff.    It  indicates  that 


the  fainter  stars  are  moving  with  considerably 
greater  rapidity  than  the  brighter  ones.  Since 
only  a  few  of  these  stars  are  as  bright,  even  at 
maximum,  as  the  stars  of  other  spectral  classes 
which  have  entered  into  average  radial  velocities, 
it  remains  to  be  seen  whether  the  apparently 
great  radial  velocities  of  stars  of  Class  Md 
should  be  considered  as  an  effect  of  spectral  class 
or  of  magnitude. 

T.\BLE   IV.     AVERAGE   RESIDUAL  VELOCITV 

FROM  BRIGHT  LINES,  AXD  MAXIMUM 

MAGNITUDE. 


MAG.MTUDE 

AVERAGE 

AT 

RESIDUAL 

NO.  OF   STARS. 

MAXIMUM. 

VELOCITY. 

0.0  to  5.0 

20  km. 

6 

5.1  to  6.5 

34 

II 

6.6  to  7.2 

35 

13 

7.3  to  8.0 

48 

13 

With  very  few  exceptions,  the  bright  lines  ob- 
served in  these  stars  by  the  writer  have  appeared 
monochromatic  with  the  dispersion  used,  i.  e.,  no 
wider  than  titanium  comparison  lines  of  the  same 
intensity.  Other  observers  have  frequently  (but 
not  always)  found  them  narrow  with  three  prism 
dispersion.  A  central  reversal  has,  I  believe, 
never  been  noted.  These  facts  together  with  the 
rapid  changes  in  intensity,  which  they  imdergo, 
have  given  the  writer  the  impression  that  the 
emission  lines  are,  in  general,  high  level 
phenomena. 

VVhen  a  hydrogen  tube  is  made  luminous  in 
the  laboratory  by  the  passage  of  an  electric  dis- 
charge, the  spectral  lines  decrease  in  strength  in 
the  order  Ha.  H/3,  Hy,  H8,  etc.  This  is  also  the 
order  of  the  hydrogen  emission  lines  of  stars  of 
Class  B.  But  in  stars  of  Class  Md,  as  is  w-ell 
known,  it  is  not  always  so.  Table  V  indicates 
the  nature  and  the  extent  of  the  deviations. 

TABLE  V.     IXTEXSITIES   OF  BRIGHT   LIXES. 

i  I 

TITANIUM  BANDS     H/3  :  H7      h5  :  H7      h5  :  H/3    NO.  OF  ST.\RS. 


Xot  seen 

1-7 

0.4 

0.2 

4 

X'ot  prominent 

0.7 

I.O 

1-5 

6 

Strong 

0.3 

1.2 

4.6 

18 

\'er.v  strong 

0.2 

2.3 

13.4 

8 
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In  many  or  all  stars  the  relative  intensities  are 
variable,  hence,  an  attempt  has  been  made  to 
estimate  the  average,  or  characteristic  ratio  for 
use  in  Table  V.  Published  descriptions,  the  Ann 
Arbor  spectrograms,  and  notes  made  by  the 
writer  at  Cambridge  on  spectra  in  the  collection  of 
the  Harvard  College  Observatory,  have  been  used. 
When  one  of  the  three  lines,  H^,  Hy,  H8,  was 
not  seen  at  all,  it  was  assigned  the  greatest  in- 
tensity which  the  photographic  conditions  seem- 
ed to  warrant.  This  process  could  scarcely  ac- 
centuate the  peculiarities  observed  in  Table  \' 
since,  aside  from  errors  in  estimating,  the  effect 
would  be  to  smooth  out  differences  between  the 
lines.  The  departure  from  the  laboratory  (nor- 
mal?) relative  intensities  seems  to  proceed  in 
close  accord  with  the  strength  of  the  absorption 
bands  of  titanium  oxide.  One  cannot  be  sure 
whether  the  titanium  oxide  is  directly  respon- 
sible, or  whether  the  two  eff'ects  exist  in  parallel 
from  a  common  cause. 

It  is  suggested  that  the  numerical  ratios  of  in- 
tensity, H8  :  Hy,  and  H8  :  H^  might  be  used  as 
criteria  for  the  subdivision  of  the  spectral 
Class  Md. 

According  to  the  writer's  experience  3905  A 
(Si?)  is  in  general  the  most  prominent  emission 
line  not  in  the  hydrogen  series,  occurring  in  Md 
spectra.  An  emission  line  at  4202  A,  presumably 
due  to  iron,  as  well  as  unidentified  emission  lines 
at  4i3rS.9  A  and  4007.1  A,  has  been  measured  in 
a  few  stars.  All  four  of  these  lines  had  been 
previously  observed  in  the  spectrum  of  0  Ceti. 

The  miscellaneous  bright  lines  in  spectra  of 
Class  Md  may  prove  of  great  importance  not 
only  in  theories  of  long-period  variation,  but  in 
widely  different  connections.  Observers  should 
not  fail  to  note  them  whenever  possible. 

ABSORrXIOX    LINES 

Due  to  underexposure,  the  absorption  spectrum 
is  measurable  on  only  a  small  proportion  of  the 
Ann  Arbor  spectrograms  of  these  stars. 

In  measuring  the  plates  no  attempt  was  made 
to  include  all  the  lines,  but  settings  were  made 
only  on  those  which  seemed  capable  of  yielding 
fairly  reliable  velocities.  The  normal  wave- 
lengths, contained  in  Table  VI,  were  gathered 
from  various  low-dispersion  measures  of  solar 


and  late  type  stars,  and  from  Stebbins'  deter- 
minations in  o  Ceti,  only  one  or  two  values  being 
taken  from  Rowland.     In  Table  VI 

0  =  Stebbins'  measures  of  0  Ceti, 
R  =  Rowland, 

L  =  Miscellaneous  one-prism  measures  of  stars 
of  Classes  G,  K,  M. 

TABLE  VI. 
ASSUMED   NORMAL  WAVE-LENGTHS  OF  AB- 
SORPTION LINES  IN  CLASS  Md. 


A. 

A. 

3982.3 

0 

4272.0 

0  L 

3998.84 

0 

4274.96 

R  Cr 

4005.4 

L  Fe 

4289.84 

0  L 

4031-3 

0 

4303 ■ I 

0 

4063. 78 

L  Fe 

4314-6 

L 

4071.7 

0  L 

4319.1 

0  L 

4091.42 

0  L 

4326.00 

0  L  Fe 

4092.7 

0  L 

4330.2 

0 

4096.18 

0 

4347.16 

0 

4109.44 

° 

4368.4 

L 

4112.07 

0 

4375-4 

L 

4123.75 

0 

4379-35 

0 

4134.4 

0 

4384.63 

0  L  Fe 

4140.0 

0 

4389.7s 

0 

4149.8 

° 

4395-3 

0  L 

4152.5 

0 

4404.92 

L 

4160.0 

0 

4408.3 

0 

4164.9 

0 

4415.25 

L  Fe 

4187.25 

0 

4482.0 

L 

4190.9 

" 

4489-8 

L 

4215.95 

L 

4522.94 

Ti 

4226.90 

R  Ca 

4535.8 

0 

4250.7 

0  L 

4738-45 

0 

4254 -50 

R  Cr 

021430.     o  CETI. 

Measures  of  seven  three-prism  plates  in  1897- 
98  by  Campbell  and  Wright  gave  a  mean  velocity 
of  4-  62.3  km.,  for  the  absorption  lines,  {Ap.  J., 
p,  31,  1899).  One-prism  plates  taken  in  1902 
yielded  a  mean  velocity  of  -|-  66  km.  from  six 
absorption  lines  as  measured  by  Stebbins,  {Lick 
Observatory  Bulletin,  2,  93,  1902). 

Measures  of  two  three-prism  plates  in  Decem- 
Ijer,  1906,  by  Plaskett,  gave  a  mean  velocity  of 
+  65.4  km.  for  the  absorption  lines,  {Jour.  R.  A. 
S.  Canada,  i,  48,  1907). 
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C.   M.  T.    191 

4  BEC  25.57. 

1915  ;an.  29.55. 

1915   NOV 

.  12.66. 

l>l,.\Ti;    WA\1> 

R.\U1.\I, 

I"1,.\TE   WAVE- 

BADIAl, 

PLATE  WAVE- 

RADIAL 

LENCTH. 

VELOCITY. 

LENOTll . 

VELOCITy. 

LENGTH. 

VELOCITY. 

3887.74 

4000.04 

+  90  km. 

40^)4.62 

3891.87 

4032.13 

+  62 

4072.88 

+    87  km. 

398.^49 

+  90  km. 

4056.48 

4078.85 

3999.82 

+  74 

4065.14 

4097.19 

+  74 

4006.72 

+  99 

4073.15 

+  117 

41 10.66 

+  89 

4032.06 

+  57 

40:8.99 

4112.93 

+  63 

4065.13 

4097-34 

+  85 

4192.12 

+  88 

4 '25 -36 

+  117 

4216.70 

+  53 

4079.62 

4161.24 

+  90 

4251-68 

+  69 

4097-72 

+  113 

4217.03 

-)    77 

4255.82 

+  93 

4125.16 

+  102 

4228.18 

+  91 

4.126.97 

+  67 

4228.32 

4-I0I 

4255-88 

+  97 

43-85-50 

+  59 

4255.80 

-f   92 

4,?27-33 

+  93 

4390.64 

+  61 

42/3-33 

+  93 

4.?85.77 

4    77 

4572.69 

+  58 

4276.34 

+  97 

4396.53 

+  84 

4577-49 

4348.58 

+  98 

4406.30 

+  94 

47.W-68 

+  78 

4385-77 

+  77 

4409.82 

+  104 

4396.74 

+  98 

4740.03 

-^  100 

4409-80 

+  102 

4739-66 

+  77 

Mean 

+  92.0 

+  92.7 

+  72-2 

To  Min 

—  26.1 

—  29.0 

—    9.9 

Ol.s,  \  . 

+  65.., 

+  63.7 

+  62.3 

Mean   vcl.icity   f 

mm  absDrptiiiti  lines 

(Ann   Arh.ir  OIisi 

rvati.ins)   +  63.9 

<m. 

065355.     R  LYNCIS. 

PLATE    WAVE-LEXCTHS. 
C.   M.  T.     1915  EEB.  28.70.  1915  FEB.  28.74  U.VUERE.XPOsED. 

4524.03  A 


4607.26  A 

4699.01 

4753-75 


4586.70 
4621.89 
4634.61 
4723-93 
4806.62 
4816.76 

To  snn  —  22  km. 

There  is  a  broad  absorption  band  containing 
narrower  absorption  lines,  having  its  center  about 
4645-50  A.  The  absorption  spectrum  differs 
greatly  from  that  of  the  other  stars  of  Class  Md, 
not  resembling  them  in  this  respect  much  more 
than  it  does  stars  of  Class  N. 


'Hie  spectrum  bears  a  considerable  resemblance 
to  that  of  R  Cygni,  as  observed  by  Wright.  See 
remarks  under  that  star. 


071044.      L_.  PUPPIS. 

Observations  by  D.  O.  Mills  E.xpedition,  kind- 
ly communicated  by  Director  Campbell,  as  fol- 
lows : 

191 1.    TWO-r'RISM    PLATES,    ABSORPTION    LINES. 

4-  51.6  km. 
4-  53-2 
4-  53-0 


Mean. 


+  52-6 
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I9I4,  ONE-PRISM    PLATSS,  .\BSORPTIO.N  LINES. 
+    53-5 


103769.     R  URSAE  MAJORIS. 


Mean 

Mcin  nf  al 


54-5 
53  •  I 


Remark  liy  CampljcM,  "'i'his  star  sccnis  to  be 
an  exception  in  that  absorption  and  radiation 
lines  give  approximately  eqnal  velocities." 

033934.     R  LEONIS  MINORIS. 

C.  M,  T.   1915  lEB.  ig.  83. 
PLATE   VV.WE-LENGTH  KADIAL   VELOCITY 

4124.05  4-  22  km. 

-5290.41  +    40 


Mean 

+  31   ± 

To  sun 

—     7 

Obs.  Velocity 

4-  24  ± 

G.    M.  T.      IQI, 

EKB.  19.83. 

191 5.     FEU 

26.74. 

PLATE  WAVE- 

RAIHAL 

PLATE  WAVE- 

RADLM, 

LENGTH. 

VELOCITY. 

LENGTH. 

VELOCITY. 

4124.46 

+  51  km. 

4227.43 

+  38  km. 

4216.72 

-t-38 

4315.38 

-F54 

43S4.93 

+  20  p. 

4.326.79 

+  55 

4396.10 

fS5 

4384.72 

+    6p. 

4571-73 

4405.59 

+  45 

4607 . 24 

4408.79 

+  33 

4733-94 

45.'?6-3i 

+  34 

Mean 

-f-46.S 

+  40.3 

To   sun 

-   7-8 

—  9.5 

Obs.  Vel. 

+  38 

+  31 

Mean  velocity   from  abt 

nrptiiin  lines. 

+  34  km. 

094211.     R  LEONIS. 

Measure  by  Lick  Observatory,  kindly  communicated 
by  Director  Campbell :  one  three-prism  plate,  absorp- 
tion lines  give  +   II  km. 

AXX  .\Rr,OR  OBSER\'.\T]OXS. 


C.   M.  T.      I9I4   EEB.  28.78.  I9I4   MARCH    I4.74. 


PLATE  WA\E- 
LENGTH. 


4124.34 
4255-04 
4290.27 
4303.61 
4326.55 

4377-23 
4380.07 
4385.05 


RADIAL 

VELOCITY. 


+  43  km. 
+  38 
+  30 

+  .35 
+  38 


+  40 
+  29 


PLATE  WAVE- 
LENGTH. 


4124.27 
4254.64 
4290.18 

4.326.74 


RADIAL 
VELOCITY. 


+  38  km. 
+  10  p. 
+  24 

+  5IP- 


4389.57 

4390 

48 

+  33  p. 

4662.11 

4738.60 

+  10  p. 

4739-30 

+  54  P- 

4943-40 

Mean 

+  35.6 

+  37-3 

To  sun 

-   8.0 

—  14.7 

Obs.   V. 

+  27.6 

+  22.6 

Mean   velocity   from   absorption   lines    (Ann   Arbor 
Observations')    +  25  km. 


132422.     R  HYDRAE. 

Observations  by  Lick  Observatory,  kindly  com- 
municated by  Director  Campbell:  two  three- 
prism  plates  give  for  the  absorption  lines  — 3  km. 


ANN   ARBOR  OBSERXATIONS. 

G.    M.    T.       I915    MAY    30.61. 


PLATE   WAVE-LENGTH. 

RADIAL   VELOCITY. 

4326.62 

+  43  km. 

43.30.34 

+  10 

4380.04 

.       +47P- 

4384.59 

—   3P- 

4395-53 

+  16 

4489-83 

+    2p. 

4536-12 

■     +21  p. 

4739.06 

+  39 

Mean 

+  24 

To  sun 

—  18 

Obs.  V, 


+    6 


prnijcATioxs  of 

142539.     V  BOOTIS. 

C.    M.   T.      19 1 5   FED.   28.90. 


I'LATE   WAVE-LKNCTH. 


R.\DI.\I.  VELOCITY. 


4164.09 
4226.47 
4254.00 

4325 -66 

4383.67 
4481.39 

4534 -S? 
4570.91  p. 
4737  ■i<7 

Mean 
To   sun 
Obs.  V. 


—  58  km. 

—  31  p. 

—  3S 

—  24 

—  66 

—  41 

-63 

—  37P- 

—  44-4 
+  11. 5 

—  33 


143227.     R  BOOTIS. 

C.    M.   T.      I915    PEB.   28.81. 


PL\Te  WAVE-LF.NCTH. 


RADI.AL   VELOCITY. 


4122.58 
4288.77 
4318.34 
4320.36 
4346.44 

4387  63 
4394-60 
4404.09 
4414-51 

Mean 
To   sun 
Obs.  \". 


—  85  km. 

—  75  P- 

—  53 

—  50 

—  68 
-48 
-56 

—  50 

—  60.6 

+  17-8 

—  43 


TIIK  01iSEI<\AT(  )RY 

151731-     S  CORONAE. 
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C.    M.  T.      191 

5   FED.   26.93. 

1915    MARCH 

7-30. 

PL.\TE  WAVE- 

RADIAL 

PLATE  WAVE- 

RADIAL 

LE.N'CTH. 

VELOCITY. 

LENGTH. 

VELOCITV. 

4090.27 

—  II  km. 

4139.72 

—  20  km. 

4092.64 

—   4 

4226.66 

—  17 

4123.72 

—    2 

4254-39 

—  8 

4139-59 

—  30 

4326.17 

+  12 

4187.05 

—  '4 

4384.21 

—  29 

4226.74 

— 11 

4389.67 

4254-26 

—  17 

4394.85 

—  31 

4271.69 

—  22 

4404.84 

4274-77 

—  13 

4408.06 

—  16 

4314-32 

—  19 

4.=;7'.36 

4325-87 

—   9 

4737.70 

-48 

4.^84.00 

—  43 

4842.93 

4-108.2I 

—   6 

4535  -  57 

—  '5 

4737.79 

—  42 

Mean 

—  17.2 

—  16.7 

To  sun 

+  i7-r 

+  '53 

Obs.   \-. 

—   0.1 

—    1.4 

Mean  veloi 

it.v    from  alisorption  lines,  — 0. 

7  km. 

154615.     R  SERPENTIS. 

C.    M.    T.       1914    .\PR.     II. SS. 


PLATE   WAVE-LE.VGTH. 


R-MIIAL   VELUSITV. 


4216.33 
4254.53 
4227.06 

4271. go  p. 
4314.91 

4326.  .JO 
4.168.85 
4.384.63 
4390.12 
4405.14 

4523.40 
4571.58?. 
4737.97  p. 

Mean 
To  sun 
Obs.  V. 


+  27  km. 

+    2 


+  22 

+  28 
+  31 

op. 
+  25  p. 
+  14 

+  30 


+  19.8 
+  12.0 

+  32 
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193449.     R  CYGNI. 

Observations  by  Wright  at  Lick  Observatory, 
Moil.  Not.  R.  A.  S.,  72,  548,  1912. 

The  spectrum  as  observed  by  Wright  in  De- 
cember, 191 1,  and  January,  1912,  is  similar  to 
that  of  R  Lyncis  as  observed  at  Ann  Arbor  in 
February,  1915,  in  the  following  respects:  gen- 
eral appearance ;  relative  intensities  of  bright 
hydrogen  lines ;  broad  absorption  band  with  cen- 
ter about  4645  A ;  several  prominent  absorption 
lines  as  shown  in  the  following  table,  which 
gives  measured  wave-lengths,  not  reduced  for 
radial  velocitv. 


RCVGM 

R   LYNCIS 

DIFFERENCE. 

A                KM. 

Em. 

4IOI.4A 

4IOI.8A 

0.4                29 

Em. 

4340.2 

4340.9 

0.7                62 

Abs. 

4606.2 

4606.9 

0.7                46 

Abs. 

4620.9 

4621.6 

0.7            45 

Abs. 

4633-7 

4634-3 

0.6            7,<) 

Em. 

4860.7 

4861.7 

l.o            62 

The  differences  for  various  lines  are  fairly 
consistent,  and  are  probably  due  to  differences 
in  radial  motion,  and  errors  of  observation. 

Mrs.  Fleming  classified  the  spectrum  of  R 
Cygni  on  different  plates  as  JNIdi,  ]\Id2,  Na,  Pec. 

194632.     X  CYGNI. 

Eberhard  {Ap.  J.  iS,  198,  1903)  records  radial 
velocities  from  the  dark  lines  as  follows : 


G.    M.   T. 

I90I 

.\ug.      9-38 

-|-  2 . 5  km 

10.39 

-1-2.3 

1902 

Sept.    24.31 

—  1-3 

26.33 

—  3-3 

Mear 

-ho. I 

213244. 

W  CYGNI. 

The  following  are  measures  made  by  the  writer, 
of  plates  taken  by  Professor  R.  H.  Curtiss  at 
Lick  Observatory  in  1903,  with  Spectrograph  I 
(Lick  BiiUct'm,  3,  41,  1904).  I  am  indebted  to 
Professor  R.  H.  Curtiss  and  to  Director  Camp- 
bell for  the  opportunity  of  using  them.  The 
measures  were  reduced  by  means  of  the  table 
found  in  Lick  Bulletin,  5,  29,  1904. 


D.^TE:     1903    AUG.  3- 

1903     AUG.    7. 

1903     Aur 

.  26. 

1903      SEPT 

-  13- 

T.MIULAR  WAVE- 

R.\DIAL 

TABULAR  WAVE- 

RADIAL 

TABULAR  WAVE- 

RADIAL 

TABULAR  WAVE- 

RADIAL 

LENGTH. 

VELOCITY. 

LENGTH. 

VELOCITY. 

LENGTH. 

VELOCITY. 

LENGTH. 

VELOCITY. 

4063-7 

—  I3P- 

4384-5 

—  29 

4I18.8 

-54 

4024.8 

-58 

4132.5 

—  33 

4404-9 

—  29 

4187-6 

—  25 

4046.0 

—  35 

4216.0 

—  24 

4191-7 

—  45 

4092.8 

—  28 

4227.0 

—  28 

4.384-5 

—  25 

4II8.8 

—  32 

4275.1 

—  30 

4395-0 

—  27 

412S.O 

—  16 

4384.5 

—  52  p. 

4404-9 

—   2  p. 

4134-5 
4187.6 

4395-0 

—  43 
— 12 

—  52 

45-1.8 

—  19 

4571-8 

—  44 

Mean 

—  29-3 

—  29 

—  30.3 

—  35-0 

To  sun 

-1- 10.3 

-f    9 

+   4-5 

—   0.7 

Obs.  V. 

—  19 

—  20 

-26 

-36 

Mean  velocity  from  alisorption  lines,  — 27  km.     Tlic  range  is  not  significant. 
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235350.     R  CASSIOPEIAE. 


TAI'.LE  \'II.   RADIAL  \  ELOCITI  I-:S  KKOM  BOTH 
BKIC.HT  A\L)   DARK    LINES. 


G.   M.  T.      I9I4      SEIT.  9.68. 


I9I4     SEPT.  9.72. 


PLATE  W.\VE- 
LENC1H. 


R.\P1.\L 
VELOCITY. 


I   PL.^TE  WAVE- 
LENGTH. 


4030.86 
4064.10 
4078.03 
4143. .V  p. 
4191-59 

4194.74 
4216.15 
42^7-36 
4251.25 
4254.64 


+  24  km. 

+  49 

+  >4 
+  33 
+  39 
+  10 


4030.87 
4072.04 
4124.19 
4134.59 
4>39.99 

4150.20 
4153.17 
4191-31 
4216. 1 1 
4227.19 


RADIAL 
VELOCITY. 


+  25  km. 

+  32 

+  14 

o 

+  29 
+  48 
+  29 
+  11 
+  21 


4275.26 

+  21  p. 

4254.79 

+  13 

4314.84 

+  17 

4314-70 

+    7P. 

4326.31 

+  22 

4326.57 

+  40 

4375-75 

+  24 

4376.04 

+  44 

4384.70 

+    5 

4.384.55 

—   5 

4395-27  P- 

,4405.16 

+  16 

4405.33 

+  28 

4408.79 

+  33 

4408.62 

+  22 

4571.60 

4571-70 

4738.30  p. 

47.^8.68 

+  13 

Mean 

+  22.9 

+  22.3 

To  sun 

+  12.7 

+  12.6 

Obs.  V 

+  35-6 

+  34.9 

Mean  velocity  from  absorption  lines,  -|-  35  km. 


The  values  in  tlie  last  column  of  Table  X'll  are 
not  in  all  cases  the  exact  differences  of  the  num- 
bers in  the  preceding  columns  because  more 
weight  was  given  to  those  Ann  Arbor  plates  up- 
on which  both  sets  of  lines  were  measured,  and 
the  values  of  other  observers  were  taken  into 
account  where  available. 

The  relative  displacement  of  the  bright  and 
dark  lines  appears  characteristic  of  the  stars  of 
Class  Md.  The  two  stars  which  do  not  show  it, 
L..  Puppis  and  W  Cygni,  are  differentiated  from 
the  others  in  that  they  have  short  periods  and 
small  magnitude  ranges.  The  presence  of  the 
bright  lines  and  their  peculiarities  seem  to  de- 
pend upon  the  activity  of  the  star  but  not  to 
represent  the  direct  cause  of  it. 


DARK 
LINES. 


ADOPTKII 
BRIGHT  DARK 

LI.N'ES.  MINVS 

BRIGHT. 


031403 


Ceti 


071044    L,  Puppis  -I-  53 

093934  ,  R  Leonis  Minoris  +  24 

09421 1     R  Leonis  -\-  2 

103769     R  Urs*   Majoris  +  34 


I3.'I22 

142539 
143227 
151731 
154615 


R  Hydra- 
V  Bootis 
R  Bootis 
S  Coronx 
R  Serpentis 


194632  X  Cygni 
213244  W  Cygni 
2.35350    R  Cassiopeiae 


GI-:.\r.RAL    REMARKS  ON   LOXG-PERIOD  VARIATIOX— 
CLASS    Md. 

The  spectra  and  light-curves  of  these  stars  are 
so  essentially  similar  to  one  another  that  we  may 
confidently  presuppose  the  same  general  explana- 
tion in  all  cases  ;  and  since  no  star  shows  variation 
in  radial  motion,  or  the  characteristics  of  eclipsing 
systems,  we  have  no  evidence  that  the  light 
changes  are  due  to  the  influence  of  a  companion 
star.  It  is  true,  however,  that  only  a  very  few- 
stars  have  had  their  radial  motions  measured  at 
times  other  than  near  maximum,  but  it  does  not 
seem  probable  that  many,  if  indeed  any,  will 
prove  to  be  spectroscopic  binaries. 

In  view  of  the  lack  of  spectroscopic  observa- 
tions which  trace  the  spectral  variations  through 
the  minimum  phase,  the  writer  offers  the  follow- 
ing "Tentative  outline  of  spectral  variations" 
merely  as  a  basis  for  amplification  and.  if  need 
be,  correction.  It  is  not  a  description  of  the 
historj'  of  any  particular  star  (which  would  be 
extremely  valuable)  but  depends  upon  miscel- 
laneous observations  from  various  sources. 

TENTATIVE    OUTLINE    OF    SPECTR.-\L    VARI.\TIONS 

CL.\SS    Md. 

I.  Minimum.  Absorption  spectrum  similar  to 
that  of  Class  M, 
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2.  Rise  to  ^Maximum.  After  the  star  has 
risen  from  one  to  three  magnitudes  (perhaps 
one-third  or  one-half  the  whole  ascent)  the 
bright  hydrogen  lines  appear,  HS  appearing  first, 
followed  by  Hy,  H^  and  others,  and  possibly  Hj3 
and  Ha. 

3.  Maximum.  The  bright  hydrogen  lines  are 
very  strong  and  are  displaced  to  the  violet  rela- 
tively to  the  absorption  lines  by  the  equivalent  of 
about  20  km.  The  series  often  extends  to  Hi 
(3771  A)  but  seems  to  end  tliere  abruptly.  He 
is  conspicuous  by  its  absence  or  decided  weak- 
ness. 

4.  Decline  to  Minimum.  The  spectrum  re- 
mains nearly  the  same  as  the  star  drops  one  or 
two  magnitudes,  the  bright  hydrogen  lines  fading 
slowly,  and  other  bright  lines,  notably  3905  A 
Si?,  etc.,  become  relatively  stronger.  This  con- 
tinues until  minimum  except  that  the  secondary 
bright  lines  become  faint  at  or  just  before, 
minimum. 

HVPOTHESES  TO  E.XPLAIN   VARI.\B1LITV. 

Comparison  of  the  curves  of  long-period  vari- 
ables with  the  "graph  of  solar  spottedness  has  led 
to  the  idea  that  there  may  be  an  analogy  between 
the  two  phenomena."  The  dimming  of  the  stellar 
surface  by  spots  would  probably  not  be  con- 
sidered sufficient  to  account  for  the  great  varia- 
tions observed,  and  in  fact  the  analogy  points  in 
the  opposite  direction,  namely,  that  stellar  light- 
maximum  corresponds  to  spot  maximum  on  the 
sun.  Observations  of  the  solar  constant  seem  to 
show  that  the  sun  radiates  more  heat  at  spot  max- 
imum than  at  other  times,  which  appears  con- 
sistent with  its  greater  internal  activity.  Thus 
in  the  star  there  may  be  recurrent  periods  of 
activity  which  greatly  increase  its  brightness  and 
alter  details  in  its  spectrum.  However,  the  cor- 
responding effects  observed  upon  the  sun  are  so 
exceedingly  slight  in  comparison  that  the  use  of 
them  to  account  for  stellar  variability  of  this 
type  is  a  long  and  a  precarious  extrapolation. 

The  so-called  "geyser  theory"  does  not  differ 
very  essentially  from  the  above,  except  in  pre- 
supposing the  formation  of  a  viscous,  and  per- 
haps even  solid,  crust  at  minimum  which  is 
finally  broken  through  by  the  gradually  increas- 
ing pressure  of  the  gases  imprisoned  beneath  it.^^ 

"  Gierke,  Problems  in  Astrophysics,  p.  362. 


The  resulting  uprush  of  gas  is  suggested  to  ac- 
count for  the  relative  velocity  of  approach  yield- 
ed by  the  emission  lines.  It  is  hard  to  see,  how- 
ever, how  it  could  be  sustained  at  a  constant 
value  over  as  long  an  interval  as  the  observations 
h^ve  shown  it.  And  it  is  difficult  to  understand 
why  large  quantities  of  hydrogen  should  become 
imprisoned  under  a  heavy  crust. 

When  we  remember  the  great  dimensions  of 
these  stars  and  the  large  amounts  of  energy  con- 
cerned the  enormous  changes  of  brightness  which 
they  undergo  in  the  course  of  a  few  months  are 
perplexing  occurrences.  The  spectral  changes 
seem  small  in  comparison  with  the  variations  in 
total  light.  In  view  of  these  considerations,  as 
well  as  others,  it  might  be  well  to  keep  in  mind 
the  possibility  that  a  star  of  this  class  may  not 
actually  change  its  brightness  so  greatly,  but  that 
at  time  of  minimum  a  screen  is  interposed  be- 
tween it  and  the  earth,  presumably  in  the  imme- 
diate vicinity  of  the  star.  It  is  suggested  that 
this  might  be  composed  of  condensing  gases,  pos- 
sibly calcium  vapor,  in  the  upper  atmosphere  of 
the  star.  Calcium  exists  at  high  levels  in  the 
solar,  and  in  many  stellar  atmospheres,  and  espe- 
cially in  these  stars  if  we  admit  that  the  hydrogen 
line  He  is  blotted  from  the  spectrum  by  the  ab- 
sorption of  calcium  H.  The  cloud  formed  by 
condensation  would  conserve  the  heat  radiated 
from  the  photosphere  to  space  so  that  the  tem- 
perature of  the  materials  immediately  above  the 
photosphere  would  increase  until  the  overlying 
veil  is  again  vaporized  and  the  star  shines  out 
brightly.  It  is  easy  to  conceive  that  these  phe- 
nomena would  be  periodic  and  would  cause  vari- 
ations in  the  spectrum,  particularly  in  chromo- 
spheric  emission.  Possibly  electrical  effects  hav- 
ing their  origin  in  the  evaporation  of  the  cloud 
are  effective  in  stimulating  the  hydrogen  and 
other  gaseous  emission.  If  so  the  source  would 
be  at  a  high  level,  which  seems  to  accord  with 
observation  especially  if  we  assume  that  the  rela- 
tive displacement  of  bright  and  dark  lines  is  due 
to  pressure. 

The  tentative  idea  submitted  in  the  above  para- 
graph might  be  conveniently  styled  the  veil 
theory.  The  writer  proposes  that  it  be  consid- 
ered as  an  alternative  working  hypothesis. 

Ann  Arbor,  1916,  January  7. 

"  Campbell,  Stellar  Motions,  p.  303. 


A  SPECTRUM  OF  THE  P  CYGNI  TYPE 

By  PAUL  W.  MERRILL 


INTRODUCTION. 

One  of  the  first  generalizations  drawn  from 
extensive  observations  of  stellar  spectra  was  the 
recognition  of  a  single  sequence  in  which  there 
was  a  place  for  nearly  every  star  examined.  As 
a  matter  of  convenience  certain  definitely  char- 
acterized types  were  chosen  as  a  framework  for 
classification  first  by  Secchi,  later  by  Vogel,  and 
Lockyer,  and  lastly  and  on  the  most  complete 
basis  by  investigators  at  the  Harvard  College  Ob- 
servatory. In  a  manner  somewhat,  but  not 
wiiolly,  arbitrary  the  remaining  objects  are  said 
to  be  intermediate,  or  in  case  they  do  not  fit  into 
the  scheme  at  all,  anomalous.  The  Harvard  Clas- 
sification of  Stellar  Spectra,  using  the  letters  B, 
A,  F,  etc.,  to  designate  the  divisions,  is  almost 
universally  adopted  in  this  country,  and  is  largely 
used  in  Europe.  Corresponding  to  a  wider  range 
of  observation  and  increased  knowledge  the  sys- 
tem has  been  slowly  extended  to  include  more 
and  more  objects,  for  some  of  which  no  pro- 
vision had  been  made  at  first,  so  that  now  there 
remain  outstanding  only  a  few  isolated  specimens 
or  small  groups  of  intractable  objects.  The  past 
few  years  have  witnessed  considerable  success  in 
establishing  connections  and  relationships  be- 
tween these  and  the  better  understood  types  of 
the  regular  classification.  That  this  field  is  con- 
sidered an  important  one  is  shown  by  the  large 
amount  of  labor  spent  in  cultivating  it,  and  its 
fertility  is  evidenced  in  results  obtained. 

Occupying  a  prominent  position  among  these 
outstanding  objects  is  the  typical  spectrum  of  a 
nova  or  new  star.  The  spectrum  of  such  a  star 
usually  changes  rapidly,  and  very  curiously  the 
later  epochs  seem  to  include  two  other  remark- 
able types  of  spectra,  namely  those  known  as 
nebular,  and  Wolf-Rayet,  or  Class  O.  There 
seems  to  be  a  fairly  direct  sequence  connecting 
Class  O  spectra  with  Class  B,  which  is  usually 
accounted  the  first  division  in  the  main  progres- 
sion. And  recently  Wright  has  shown  in  sev- 
eral instances  that  a  planetary  nebula  has  a  Wolf- 
Rayet  star  as  a  nucleus,  and  infers  that  in  gen- 


eral i)Ianetary  nebulae  are  condensing  If)  form 
Wolf-Rayet  stars.  In  this  connection  it  is  inter- 
esting to  note  that  in  the  later  history  of  the 
changes  of  a  nova  spectrum  a  period  character- 
ized as  nebular  is  followed  by  one  which  Adams 
has  shown  to  possess  strong  resemljlances  to 
Wolf-  Rayet  spectra. 

.\fter  a  sudden  rise  from  obscurity  a  nova  usu- 
ally fades  again  in  a  few  weeks  or  months  to  a 
low  magnitude,  but  there  is  one  notable  excep- 
tion to  this  rule.  In  1600  a  star  appeared  near 
the  intersection  of  the  arms  of  the  great  cross 
of  the  constellation  Cygnus.  As  usual  there  were 
marked  fluctuations  in  brightness  but  in  this 
object  they  were  measured  by  years  rather  than 
by  days  and  weeks.  They  continued  for  about 
three-quarters  of  a  century  leaving  the  star  at  the 
fifth  magnitude  where  it  has  remained  ever  since, 
well  visible  to  the  unaided  eye.  Moreover  the 
spectrum  retains  certain  characteristics  associated 
with  the  earlier  stages  of  typical  novae.  It  was 
classified  at  Harvard  as  "Bi  with  hydrogen  lines 
bright". 

While  this  star,  known  as  P  Cygni,^  may  event- 
ually prove  valuable  in  the  study  of  nebulae  and 
Wolf-Rayet  stars,  it  has  an  immediate  applica- 
tion in  the  interpretation  of  the  complicated  spec- 
tra of  novae  near  maximum.  In  1913  there  oc- 
curred certain  small  but  rather  striking  changes- 
in  the  hydrogen  lines  of  P  Cygni  which  related 
that  star  still  more  closely  to  typical  novae 
through  a  peculiar  feature  of  the  spectrum  ex- 
hibited by  both.  The  study  of  the  star's  spectrum 
may  be  of  value  in  its  application  to  the  more 
general  problem  of  novae  both  in  general  and  in 
detail.  For  instance  we  must  admit  that  the  con- 
ditions causing  the  peculiar  distribution  of  the 
liglit  in  many  of  the  lines  can  under  some  condi- 
tions exist  for  a  long  period  of  years  without 
much  change ;  and  we  may  be  furnished  the  op- 
portunity in   P  Cygni  of  viewing  the  complete 

^  Iliin'ard  Annals,  -'S,  loi,  1805;  Aslrophysical  Journal, 

J,?,  286,  11)12;  I'opnlar  Astronomy,  32,  133,  IQI4. 
"  /./<■/■  Observatory  Bulletin,  ft,  24,  1913. 
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cycle  of  nova  history  leisurely  and  much  more 
thoroughly  than  when  it  is  hurried  through  in  a 
few  weeks,  or  when  the  star  fades  to  a  magnitude 
at  which  it  is  difficult  to  observe.  And,  on  the 
other  side,  Wright's  probable  identification  of 
nitrogen  in  the  spectrum  of  Nova  Lacertae^  is 
rendered  more  certain  by  the  fact  that  nitrogen 
lines  are  undoubtedly  prominent  in  the  spectrum 
of  P  Cygni. 

For  the  reasons  outlined  above  the  announce- 
ment by  Miss  Cannon  in  Harvard  Annals,  /d,  Xo. 
3,  p.  31,  of  ten  additional  "Spectra  of  the  P 
Cygni  Type"  is  of  much  interest.  Since  the 
Harvard  plates  of  these  faint  stars  are  of  small 
dispersion  and  without  comparison  spectra  it  was 
impossible  to  decide  from  them  just  how  far  the 
resemblance  to  P  Cygni  extended.  A  detailed 
comparison  of  these  spectra  with  P  Cygni  and 
with  each  other  may  prove  of  considerable  value 
in  the  interpretation  of  these  curious  phenomena, 
and  may  help  remove  them  from  their  apparent 
isolation  by  bringing  to  light  some  connections 
with  more  familiar  types. 

A  single  one  of  these  ten  stars  is  available  for 
examination  at  northern  observatories.  Five  one- 
prism  spectrograms  of  this  object,  DM. -(-ii^ 
4673,  have  been  obtained  at  Ann  Arbor,  and  serve 
as  the  basis  for  the  discussion  which  follows. 

DM.  -f  II    4673. 
R..-\.  igoo  2i''46."'2;  Decl.  1900  -f-  12°  9';  Mag.  7.7. 

JOURXAL  OF  OBSERVATIONS. 


PLATE 
NO. 

DATK,    G. 

M.  T. 

DURATION  OF 
EXPOSURE. 

OBSERVER. 

3228A 

1915  May 

21.82 

2''  20'" 

Merrill. 

3259B 

June 

13/8 

2    10 

Merrill. 

3332A 

J"ly 

23.78 

3  30 

Merrill. 

3340B    ■ 

A.ug. 

6.81 

4    4 

Merrill. 
j   Dawson. 

3368A 

Nov. 

12.54 

3    0 

Merrill. 

THE    HYDROGEN   LINES. 


The  only  conspicuous  lines  in  the  spectrum  are 
those  due  to  hydrogen.  As  in  P  Cygni  they  con- 
sist of  strong  bright  portions  superposed  on  the 
'Lick  Observatory  BuUelin,  6,  95,  191 1. 


continuous  spectrum,  apparently  in  their  normal 
positions  except  for  Doppler  effects,  with  absorp- 
tion borders  on  their  more  refrangible  edges.  In 
DM.  -j-  II "4673  the  absorption  borders  are  much 
less  intense,  and  in  some  cases  might  be  over- 
looked unless  the  exposure  were  exactly  correct  to 
show  them  most  distinctly.  Bright  Hji,  Hy,  H8 
were  first  observed  by  ilrs.  Fleming,*  more^  than 
22  years  ago,  while  bright  Ha  was  seen  shortly 
after  by  Campbell.  As  is  usual  in  stars  of  early 
types  the  bright  hydrogen  series  decreases  in 
strength  toward  the  shorter  wave-lengths,  but  in 
this  star  the  accompanying  dark  lines  show  no 
decided  increase.  Both  bright  and  dark  lines  are 
narrow.  Settings  on  the  bright  portions  give 
consistent  velocity  results  while  the  displacements 
of  the  dark  lines  are  not  to  be  interpreted  as  due 
to  radial  motion. 

In  Table  I  the  correction  for  the  solar  motion 
is  +11. 5  km.,  making  the  residual  velocity 
-j-  27.5  km.  which  is  rather  high  for  a  star  of 
Class  B. 

In  Table  II  are  given  the  measured  displacs- 
ments  of  the  dark  hydrogen  lines  with  respect  to 
their  bright  components. 

The  displacement  decreases  with  wave-length. 
The  slight  discrepancy  shown  by  He  is  probably 
to  be  explained  by  the  influence  of  the  absorption 
line  H,  of  calcium,  since  K  is  visible  as  a  dark 
line.  The  values  are  decidedly  less  than  l\\z  cor- 
responding ones  for  P  Cygni.  Both  bright  and 
dark  portions  are  narrower  and  weaker  than  in 
P  Cygni.  Whatever  the  physical  conditions  may 
be  which  cause  the  peculiar  appearance  of  these 
lines,  they  are  evidently  less  intense  in  the  fainter 
star. 

In  one  or  two  instances  a  narrow,  weak,  dark 
line  is  seen  on  the  redward  edge  of  a  bright  hy- 
drogen line. 

BRIGHT    LINES    NOT    DUE    TO    H\T)ROGEN 

In  addition  to  the  hydrogen  lines  there  are 
many  fainter  emission  lines  largely  of  metallic 
origin.  There  are  also  numerous  absorption  lines, 
a  condition  giving  rise  to  a  difficulty  in  interpre- 
tation well  known  to  those  who  have  studied  a 
complicated  spectrum  of  this  kind.    The  difficulty 

'  Astronomy  and  Astrol>hysics,  13.  502,  1S94. 
''  Astrofhysical  Journal,  i,  180,  1895. 
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PLATE. 

H^ 

H7 

hS 

„. 

ii.C 

III) 

hO 

MEAN. 

32J8A 

+  18 

+    7 

+  19 

+  15 

3-'59B 

+   6 

+  13 

+  16 

4-  17 

+  13.2 

3.V?^A 

+  23 

+  16 

+  18 

+  23 

+  20 

+  19 

+  19.9 

.W4oB 

+  18 

+    7 

+  17 

+  19 

+  20 

(+36) 

(+10) 

+  «6.S 

3368A 

+  14 

+  15 

+   8 

+  22 

+  19 

+  10 

(+  8) 

+  14.6 

Mean 

+  '5-9 

+  11. 8 

+  15.7 

+  20.5 

+  19.6 

+  19 

(+  9) 

+  16.0 

T\BLE  II.    BRIGHT  MIXUS  DARK. 


PLATU. 

H7 

H« 

HC 

Hf 

H, 

3228A 

1-45  A 

1.13A 

3259B 

i-Si 

1.27 

1.04  A 

1.2     A 

3332A 

1.63 

1 .22 

I -.34 

105 

3340B 

i.=;t 

1.30 

1-25 

I-I5 

3368A 

1.83 

1-25 

1.42 

1. 01  A 

Mean 

1. 59  A 

1.23  A 

1.26  A 

1. 12  A 

i.o  A 

1 10  km. 

90  km. 

95  km. 

86  km. 

78  km. 

P  Cygni 

Frost' 

i-pnsm 

2.73  A 

2.38  A 

Merriir 

3-prism 

2.48  A 

is  enhanced  in  this  spectrum  by  the  general  weak- 
ness of  the  hnes  except  those  of  hydrogen,  and 
by  the  fact  that  a  single  line  is  apt  to  have  both 
bright  and  dark  components,  so  that  the  true 
character  of  some  of  the  poorer  lines  remains  in 
doubt. 

It  is  a  striking  fact  that  as  regards  the  fainter 
emission  lines  DM.-j-  11 '  -I673  and  P  Cygni  seem 
to  have  nothing  at  all  in  common.  The  P  Cygni 
lines,  almost  wholly  non-metallic,  are  not  found 
in  the  fainter  star.  Several  of  the  bright  lines 
of  DM.  -(-  1 1  "4673  are  accompanied  by  very 
weak  absorption  components,  particularly  4244  A, 
4287  A,  4352  A.  4583  A,  and  4629  A.  Quite  in 
contrast  with  P  Cygni,  the  absorption  border  is 
seen  about  as  frequently  on  the  red  as  on  the 

'  Astrophysical  Journal,  35,  28(j,  1912. 
^  Lick  Observatory  Bulletin,  8,  24,  1913. 


violet  edge.  The  following  table  gives  in  the  first 
column  the  measured  wave-lengths  of  emission 
lines  of  the  star  under  consideration.  They  have 
been  reduced  for  the  velocity  measured  on  each 
plate  from  the  bright  lines  of  hydrogen.  The  dis- 
placements given  in  the  third  column  are  there- 
fore relative.  To  obtain  actual  velocities  with 
respect  to  the  sun  the  hydrogen  velocity  4-16.0 
km.  must  be  applied. 

This  star  seems  to  occupy  an  intermediate  posi- 
tion between  P  Cygni  (and  novae?)  and  those 
stars  of  Class  B  showing  bright  hydrogen  lines 
such  as  y  Cassiopeiae  and  <j)  Persei.  The  lines  of 
hydrogen  show  the  characteristic  structure  of  the 
P  Cygni  lines,  though  in  a  less  marked  degree, 
but  this  phenomena  does  not  clearly  extend  to 
the  other  lines,  although  that  is  the  case  in  P 


74 


UNIVERSITY  OK  MICHIGAN 
TABLE  III.    BRIGHT  LINES. 


DM. -I-  1 1  "4673.        SOLAR  CHROMOSPHERE.        D1SPL.\CEMEXT. 


3«55-9A 

3905-3 
4232.8 

4244.0 
42S7.0 

4351-7 

4358.6 
43Ji4-9 

4549-2 

4583.2 

4628.7 
Present 


3856.40 

\  -Fe,  Si. 

—  41km 

3905.67 

Si,  Cr. 

—  33 

4233-40 

Fe,  Cr. 

—  45 

Several 

near. 

Several 

near. 

4352-02 

Cr,  Mg. 

—  33 

Prob.  blendof  2or3. 

4383-70 

Fe. 

(+82) 

4549-80 

Ti.  Fe,  Co. 

—  35 

4584.04 

Fe,  \-. 

—  51 

4629-63 

Ti,  Fe,  Co. 

-58 

4924.14 

Fe. 

All  lines  observed  as  bright  unless  otherwise  noted. 
P  Lyrae  3853-76,  s6-i6,  62.73. 

Bright  line  near  here  in  spectra  of  Class  Md,  Si? 
P  Lyrs  4233-33;  7  Cassiop.  4233.60. 


^  Lyra  4352.08:  7  Cassiop.  4353-3;  *  Persei  4353-0. 

Near   He  4388.10  which   is   dark  in   DM. +  ll°4673; 

7  Cassiop.  4384.25. 
/3  Lyrje  4549.64;  <!>  Persei  4549.2. 

|3  Lyrae  4584.02;  7  Cassiop.  4583.76;  <t>  Persei  double, 

mean  about  4583.8. 
P  Lyrae  4629.79;  7  Cassiop.  4629.3;  <P  Persei  double, 

mean  4629.5. 
7  Cassiop.  4925.7;  4>  Persei  4924. 


POUBTFUL  BRIGHT  LINES. 

Based  on  a  single  measure,  or  upon  discordant  measures. 


3821.0 

3820.57 

Fe. 

Close  double,  perhaps  affected  by  dark  He  3819. 78. 

3887.1 

3886.46 

Fe,  La. 

Real  line?    Near  Hf. 

4I2I.6 

4121.48 

Co. 

/3  Lyrae  double,  mean  4121.02;  He  4120.97. 

4177.6 

4177.70 

V,  Fe. 

Double;  7  Cassiop.  double,  mean  4177.4; 
0  Persei  4177. 1. 

4347-0 

Several 

near. 

4416.5 

Several 

near. 

4505-3 

4:11-5 

/3  Lyra:  4512.16  dark. 

4555-2 

Several 

near. 

P  Lyrae  4555-83  dark;  <P  Persei  4555-3- 

4569.8 

Present 

5018.61 

Fe. 

7  Cassiop.  S018.3;  0  Persei  5018.4. 

References  : 

Solar  Chromosphere,   Mitchell,  Astrophysical  Journal,  3S,  407,  1913. 

P  Lyrae,  Curtiss,  Pub.  Allegheny  Observatory,  2,  73,  1911- 

7  Cassiopeise,  Curtiss.    This  volume,  p.  i. 

<t>  Persei,  Jordan,  Puh.  Allegheny  Observatory,  3,  31,  1913. 

Merrill,  Lick  Obs.  Bulletin,  7,  166,  1913- 
Compare  also  1  Carinae.  Moore  and  Sanford,  Lick  Obs.  Bulletin,  S,  55.  1914. 


Cygni.  As  is  evident  from  the  last  column  of 
Table  III  the  faint  emission  lines  are  those  pres- 
ent in  the  spectra  of  <f>  Persei  and  stars  of  its 
class.  If  novae  are  caused  by  the  plunge  of  a 
rapidly  moving  star  into  a  nebula,  is  it  possible 
that  circumstances  of  a  similar  but  less  violent 


character  are  responsible  for  the  bright  .lines  of 
(f)  Persei  and  other  stars  of  Class  B  ?  In  any 
event  the  relations  existing  between  these  objects 
would  seem  to  warrant  close  investigation. 

Most  of  the  bright  lines  of  DM. -f- ii°4673 
show  a  negative  displacement  of  about  40  km. 
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willi  respect  lo  the  bright  hues  of  hydrogen.  They 
seem  therefore  to  yield  a  velocity  more  nearly 
comparable  with  that  from  the  dark  lines,  prin- 
cipally of  helium.  The  observations  of  all  lines 
e.xcept  hydrogen  are  rather  inaccurate,  but  the 
effect  seems  fairly  definitely  indicated.  If  real, 
the  phenomenon  is  at  variance  with  I'  Cygni  as 
in  that  star  bright  lines  of  various  elements  give 
nearly  consistent  results.  A  similar  cfTcct  of 
about  the  same  magnitude  has  been  observed  in 
the  spectrum  of  ij  Carinae.^ 

.VBSORPTION   LINES. 

There  are  numerous  dark  lines  which  are  not 
seen  to  have  bright  components.  They  show  lit- 
tle contrast  with  the  continuous  spectrum  and 
cannot  be  measured  with  great  precision  on  the 
Seed  2/   emulsion  employed  on  account  of  the 


T.\l',l 

li  1\'.    .VBSORPTION  LINES. 

NORM.\L    WAVE-LRNOTH. 

VELOCITY.              NO.   OF   PLATES. 

.•?933-82  K 

Ca. 

0  km.  ±                3 

4026.34  He 

-15               1              3 

4120.97  H 

e 

—  14                            I 

4I43.'J2  W 

-    2                            3 

438S. 10  H 

e 

—  11                           5 

4471.68  H 

e 

—  19                          2 

4552.76  Si 

—  '3                          5 

PI,.^TE 

WAVE-LENf.TH 
REnUCED 

.\oTi-:s. 

TO  SUN. 

.W95-2 

P  Lyra;  3995-17;  P  Cygni  N;  7  Cassiop. 

3995-8. 

4010.8  ± 

He  4009.- 

-'. 

408S.6 

7  Cassiop.  40S9.7;  Si  4089.02;  P  Cygni. 

4ir6.4 

7  Cassiop 

4116.5;  814116.35;  P  Cygni. 

4129.4 

/S  Lyrse  4 

128.20;   Si  4128.19. 

4180.3 

/3  Lyrse  4 

79-07. 

4182.6 

4184.9 

7  Cassiop 

4185. 

4517-5 

4567.1 

Near  Si  1 

nes. 

4573 -4 

Near  Si  1 

nes. 

4606.8 

4781 .6 

(4922) 

He  4922. 

10  present  Iiut  not  measured. 

'Lick  Ohscrfalory  BitUctw,  S,  134,  1915. 


faintness  of  the  star.     Most  of  those  which  can 
be  identified  are  due  to  helium. 

The  .somewhat  insecure  relationship  to  P  Cygni 
is  reinforced  by  the  behavior  of  the  absorption 
lines  which  were  measured  for  velocity.  They 
yield  a  velocity  algebraically  less  than  that  from 
the  bright  hydrogen  lines;  this  is  also  true  of  the 
absorption  lines  of  P  Cygni. 

SUMMARY. 

1.  The  hydrogen  lines  of  DM.  -f-  11^4673,  a 
star  .•uinounced  by  Miss  Cannon  as  "of  the  P 
Cygni  type",  are  bright,  with  weak  dark  com- 
ponents on  their  more  refrangible  edges.  The 
bright  hydrogen  lines  agree  in  giving  a  radial 
velocity  of  +16.0  km. 

2.  Numerous  emission  lines  of  metallic  origin 
are  present  in  the  spectrum.  In  several  cases 
they  are  accompanied  by  very  weak  absorption 
borders  which  are  seen  as  frequently  on  the  red 
as  on  the  violet  edge.  These  bright  lines  yield 
velocities  differing  considerably  from  those  of 
hydrogen,  being  about  40  km.  less. 

3.  A  number  of  weak  absorption  lines  have 
been  measured.  Those  which  are  identified  are 
mainly  due  to  helium  and  silicon.  Five  helium 
lines  and  4552  A  of  silicon  give  a  velocity  of  — 13 
km.  The  velocity  from  K  of  calcium  is  about 
zero  but  the  determination  is  of  small  weight. 

4.  The  intensity  curves  of  the  hydrogen  lines 
are  qualitatively  similar  to  those  of  P  Cygni.  Sev- 
eral dark  lines  (He,  Si,  Ca)  are  displaced  to  the 
violet  with  respect  to  the  bright  hydrogen  lines. 
The  resemblance  to  P  Cygni  seems  to  stop  with 
these  characteristics. 

5.  DM.  -f-  1 1  "4673  may  be  considered  in  some 
respects  as  intermediate  between  P  Cygni  and 
the  well  known  bright-line  stars  of  Class  B. 

6.  It  seems  probable  that  future  investigation 
will  disclose  facts  of  interest  in  regard  to  the  re- 
lationships between  the  following  objects: 

(a)  Novae. 

(b)  P  Cygni,  rj  Carinae." 

(c)  Stars  of  the  P  Cygni  Type— Miss 

Cannon's  List. 

(d)  Bright-line  Stars  of  Class  B,  e.g., 

y  Cassiopeiae,  <^  Persei,  p  Lyrae. 
April  7,  1916. 

" Harz-ard  Annals,  ~6,  36,  1915. 


A  STUDY  OF  THE  SPECTRUM  OF  ^,  URSAE  MAJORIS' 

By  LAURENCE  HADLEY 


INTRODUCTION    AND    STATEMENT   OF   THE 
PROr.LEM 

As  early  as  the  middle  of  the  seventeenth  cen- 
tury f  Ursae  ]Majoris  (a  =13'' 20™,  5^+55" 
23')  was  observed  as  a  double  star.  This  was 
the  first  discovery  of  its  kind  and  was  made  by 
Riccioli  in  1650.  It  was  again  observed  as  a  visual 
double  star  in  1700  by  Kirch.  However,  the  posi- 
tion angle  and  distance  of  this  pair  were  not 
measured  until  1750,  when  they  were  recorded  by- 
Bradley  as  143°. I  and  i3".88,  respectively.  Many 
measures  have  been  made  and  published  since 
that  time.  The  recorded  values  of  the  position 
angle  seem  to  show  a  very  slow  relative  motion 
which  probably  does  not  exceed  o°.025  per  year. 
The  distance  between  the  two  components,  fi  and 
^2,  as  given  by  the  best  observers  for  more  than 
a  half  century,  does  not  vary  greatly  on  either 
side  of  14.4  seconds  of  arc.  So  slow  are  the 
changes  in  these  quantities  that  thousands  of 
years  will  have  passed  before  a  single  revolution 
will  be  complete. 

The  data  to  be  found  on  page  39Q  of  the  Astro- 
nomical Observatory  of  Yale  Transactions,  Vol. 
2,  give  o".02i  ±  o".oo8  as  the  most  probable 
parallax  of  this  star,  from  which  it  follows  that 
its  distance  from  the  sun  is  approximately  155 
light  years  and  that  the  linear  separation  of  the 
two  components  of  this  visual  pair  is  not  less 
than  64,ooo,ocx),ooo  miles  and  it  may  be  much 
greater  than  this  value,  depending  on  the  angle 
between  the  line  of  sight  and  the  line  joining  the 
two  stars. 

Basing  her  calculation  on  a  parallax  of  o".045, 
Miss  Gierke  has  estimated  that  Mizar  "sends 
abroad  thirty-eight  times  more  light  than  our 
sun".-  Since  there  is  good  reason  to  believe  that 
the  parallax  is  not  greater  than  half  of  the  value 
used  by  Miss  Gierke,  it   follows  that  the  light 

'.A.  dissertation  submitted  in  partial  fulfillment  of  the 
requirements  for  the  degree  of  Doctor  of  Philosophy 
in  the  University  of  Michigan. 

'  Gierke,  Problems  in  Astrophysics,  page  290. 


giving  power  of  this  star  is  probably  not  less  than 
one  hundred  and  fifty  times  that  of  the  sun. 

Professor  Stebbins  gives  2.40  as  the  magnitude 
of  ^1  Ursae  Majoris.  In  the  Astrophysical  Jour- 
nal, Vol.  39,  page  475,  he  makes  the  following 
statement  as  a  result  of  his  investigation :  "Ob- 
servations throughout  the  spectroscopic  period 
give  no  evidence  of  eclipses,  nor  of  continuous 
variation.  The  light  is  constant  within  0.02  or 
0.03  mag." 

It  is  an  interesting  fact  that  this  second  magni- 
tude star  should  have  been  the  first  visual  binary 
discovered  and  that  the  brighter  of  its  two  com- 
ponents, fj  should  have  been  the  first  known 
spectroscopic  binary.  In  making  a  study  of  the 
plates  taken  with  an  objective-prism  spectrograph 
at  the  Harvard  Gollege  Observatory,  Miss  ]\Iaury 
observed  that  the  K  line  of  t,{  Ursae  Majoris 
appeared  as  a  double  line  on  certain  plates,  while 
on  many  others  it  was  a  well  defined  single  line. 
The  separation  of  the  K  line  was  so  evident  on 
certain  plates  that  its  reality  could  not  be  doubted. 
This  discovery  was  made  in  1889  and  was  the 
beginning  of  a  new  line  of  most  fruitful  inves- 
tigation in  Astronomy.  The  Harvard  plates, 
though  numerous,  had  been  taken  at  irregular  in- 
tervals and,  as  a  result,  the  period  of  this  doubling 
of  the  lines  was  not  evident.  It  was  erroneously 
placed  at  52  days,  thus  making  the  time  of  a  com- 
plete revolution  104  days.  This  period  of  104 
days  is  approximately  five  times  the  true  period, 
which  was  first  derived  by  Vogel.  The  Harvard 
staff  found  difficulty  in  their  eft'ort  to  harmonize 
the  period  of  104  days  with  the  doubling  of  the 
lines  as  shown  by  the  plates.  At  times  the  lines 
appeared  as  sharply  defined  single  lines,  when  the 
period  of  104  days  would  have  called  for  a  wide 
separation.  However,  it  was  left  for  Vogel  to 
discover  the  true  time  of  revolution  of  this  spec- 
troscopic pair  and  to  announce  a  period  which 
would  satisfy  the  observations. 

This  star,  f  Ursae  Majoris,  is  of  peculiar  in- 
terest in  that  the  fainter  component,  i,^,  has  been 
announced  as   showing  variable   radial  velocity. 
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Frost  and  l,cc\  of  the  Vcrkes  Observatory,  have 
announced  the  variation  as  from  — 17  km.  to 
-(-10  km.,  while  Dr.  Ludendorff  has  annomiced 
that  tlie  range  shown  by  his  plates  is  from  — 17.3 
km.  to  — 7.3  km.  Nearly  a  hundred  spectrograms 
have  been  measured  and  reduced  by  the  writer. 
A  frequency  curve  based  on  the  velocities  ob- 
tained from  these  measures  conforms  closely  to 
the  probability  curve,  thus  indicating  that  the  dif- 
ferences are  due,  largely  at  least,  to  accidental 
errors  rather  than  to  real  changes,  so  far  as 
plates  made  with  a  single  ])risni  instrument  are 
concerned. 

It  is  the  purpose  of  this  paper  to  give  the  re- 
sults of  a  thorough  study  of  ^,  Ursae  Majoris. 
the  brighter  of  the  two  visual  comi)oncnts.  The 
results  and  conclusions  will  be  based  on  velocities 
published  by  Dr.  Ludendorff  and  those  which 
were  obtained  from  the  measures  of  spectro- 
grams^ made  at  the  Detroit  Observatory,  Ann 
Arbor,  Michigan.  It  is  the  aim  in  this  discussion 
to  treat  the  observations  separately ;  to  make  a 
complete  and  independent  solution  for  each  com- 
ponent of  f^  Ursae  Majoris;  and  finally,  to  co- 
ordinate the  results  of  the  two  sets  of  observa- 
tions and  of  the  two  components,  thus  putting  the 
subject  upon  a  basis  which  will  be  as  complete 
and  definitive  as  possililc. 

HISTORICAL 

Harvard  Observations.''  As  previously  stated 
fi  L^rsje  Majoris  was  the  first  known  spectro- 
scopic binary.  The  first  plate  to  show  the  K 
line  distinctly  double  was  made  in  1886,  but  this 
fact  was  not  observed  until  1889.  More  than  150 
plates  of  this  star  were  made  at  the  Harvard 
College  Observatory  between  the  years  1885  and 
1889.  These  spectrograms  were  used  primarily 
in  connection  w'ith  the  work  of  the  observatory  on 
the  classification  of  stellar  spectra.     However, 

'  Astronomische  Nachrichtcn,  Vol.  177,  page  171. 
*  Astronomische  Nachricliteii,  Vol.  177,  page  9. 
'For  complete  description  of  the  apparatus  employed 
and  the  constants  of  the  instruments  see  Publications 
of  the  Detroit  Obscrvatcry,  Vol.  i. 
'Monthly  Notices,  Vol.  50,  page  296. 
Harz'ard  College  Observatory  Circular,  No.  11. 
Harvard     College     Observatory     Annals,    Vol.     26, 
page  xvii. 

Astrophysical  Journal,  Vol.  8,  page  174. 


some  consideration  was  given  to  the  doubling  of 
the  lines;  to  the  meaning  of  this  apparent  change 
in  the  spectrum ;  to  the  probable  period ;  and  to 
the  velocity  in  the  line  of  sight,  which  would 
correspond  to  the  relative  displacement  of  the 
lines  as  observed.  There  was  considerable  un- 
certainty as  to  the  period,  but  it  was  thought  to 
be  approximately  104  days.  Professor  Pickering 
derived  the  relative  velocity  of  the  two  compon- 
ents of  this  spectroscopic  binary.  Using  the  dis- 
placements of  the  K  line,  he  found  the  relative 
velocity  to  be  94  miles  per  second,  and  from  the 
magnesium  line,  A  4481,  he  placed  the  value  at 
102  miles  per  second.  In  this  connection  he  says 
it  was  not  probalile  that  the  plates  were  made  at 
the  time  of  a  maximum  displacement,  hence  the 
maximum  velocity  is  certainly  not  less  than  100 
miles  per  second.' 

Potsdam  Obscrz'alioiis.  During  the  months  of 
March  and  April,  1901,  Dr.  Ludendorff  and  Dr. 
Eberhard  secured  a  series  of  plates  of  fj  Ursas 
Majoris  with  Spectrograph  IV  of  the  33  cm.  re- 
fractor of  the  Potsdam  Observatory.  Vogel  un- 
dertook the  measurement  and  reduction  of  these 
plates.  The  results  of  his  work  are  given  in  Vol. 
XIII,  page  324,  of  the  Astrophysical  Journal. 
The  results  are  based  on  the  relative  velocities  of 
one  component  with  respect  to  the  other  and  not 
on  the  velocities  of  each  component  with  respect 
to  the  center  of  mass  of  the  system.  The  meas- 
ures of  only  25  plates  are  included  in  \^ogers 
publication.  When  Dr.  Ludendorff,  at  a  later 
time,  discussed  this  series  of  plates,  he  rejected 
13  of  the  25  used  by  Vogel  as  being  of  uncertain 
value,  owing  to  the  very  small  relative  displace- 
ment of  the  lines.  In  Dr.  Ludendorff's  paper  he 
states  that  the  time  recorded  is  that  of  the  middle 
of  the  plate's  exposure.  Since  the  time  as  given 
by  \'ogel  for  these  same  plates  is  from  20  to  30 
minutes  earlier,  it  seems  to  be  a  reasonable  sup- 
position that  he  gave  the  time  for  the  beginning 
of  the  exposure.  This  would  introduce  an  ap- 
preciable error,  particularly  in  the  steepest  part 
of  the  velocity  curve.  In  consideration  of  this 
fact  and  the  fact  that  the  good  plates  are  included 
in  the  data  published  by  Dr.  Ludendorff,  which 
will  be  discussed  in  detail,  nothing  further  will  be 

^American  Journal  of  Science,  Third  Series,  Vol.  39. 
page  46. 
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done  with  these  eariier  results  except  to  give  the 
elements  which  Dr.  Eberhard  derived  by  the 
method  of  Lehmann-Filhes  from  Vogel's  meas- 
ures.   The  elements  follow : 

To  =  1901,  March  2S.60.     (Relative  motion  in 

line  of  sight  =  0), 
r  =  i90i,  March  28.88, 
u  =  ioi°.3, 
e  =0.502, 
log/t  =  9.4843, 
M  =  i7°.476, 
P  ^20.6  days, 
a  sin  I  ^  35  million  km., 

4.0 

iiti  +  m,  = 

sin'  I 

.Dr.  Ludendorff  and  Dr.  Eberhard  continued 
their  observations  in  1901  throughout  the  months 
of  i\Iay  and  June.  The  work  was  taken  up  again 
in  the  years  1903,  1905,  and  1906.  In  all,  118 
spectrograms  were  secured.  Of  these  1 18  plates, 
the  measures  by  Dr.  Ludendorff  of  59  are  given 
in  the  Astronomische  Nachrichten,  Vol.  180,  Xo. 
4313,  page  278.  These  measures  have  not  been 
used  for  the  determination  of  a  complete  set  of 
elements.  They  were  used  for  finding  the  center 
of  mass  velocity;  the  ratio  of  the  masses;  and 
for  improving  the  period  as  announced  by  Vogel. 
Since  a  full  discussion  of  Dr.  Taidendorff's 
measures  will  be  taken  up  in  this  paper,  the  de- 
tails of  his  work  will  be  omitted  and  his  final  re- 
sults stated.  The  period,  he  says,  is  correct  to 
within  a  few  thousandths  of  a  day.  The  prob- 
able errors  of  the  other  quantities  show  what 
confidence  may  be  placed  in  their  determination. 

P  =  20. 536  days, 

t  =^  — ■  12.6  ±  0.49  km., 

mi 

—  =  1 .014  ±  0.018, 

where   P  is   the   period ;   y   the   velocity   of   the 

'"1 
center  of  mass  of  the  svstem;  and the  ratio 

lllr. 

of  the  masses  of  the  two  components. 

It  is  worthy  of  note  at  this  point  that  the  values 

'"1 

of  7  and are  somewhat  uncertain.  The  values 

m., 

given  above  were  derived  from  the  entire  series 

of  59  plates.     Dr.  Ludendorflf  also  divided  the 

plates  into  two  groups ;  the  first,  containing  the 


plates  made  in  1901,  the  second,  those  of  1903, 
1905,  and  1906.  The  first  group  contained  26 
plates  and  the  second  33.  When  these  two  groups 
were  considered  separately,  unexpected  differ- 
ences were  found  as  shown  below : 


1901. 
:— 13-; 
=  0.980. 


'  km., 


1903-6. 

r —  12.2km., 


These  differences  will  be  discussed  later,  but 
it  may  be  well  to  note  at  this  point  that  such 
change  in  the  ratio  of  the  masses  would  not  be 
possible,  and  that  the  change  in  center  of  mass 
velocity  seems  to  be  improbable,  unless  there  is 
a  third  body  in  the  system,  a  resisting  medium, 
or  other  disturbing  factors. 

DEKIVATIOX  OF  ELEMENTS. 

Potsdam  Measures.  The  velocities  referred  to 
above,  as  derived  by  Dr.  Ludendorflf,  will  now  be 
discussed  in  full.  Table  I  contains  the  data  as 
given  in  the  Astronoiiiische  Nachriehten.  Col- 
umn (i)  gives  the  number  of  the  plate;  column 
(2)  gives  the  Greenwich  mean  time  for  the 
middle  of  the  observation;  column  (3)  gives  the 
phase  as  counted  from  1912  March  10.000,  using 
the  final  value  of  the  period;  the  next  three  col- 
I'mns  contain  data  for  Component  i,  the  first 
gives  the  number  of  lines  measured,  the  second 
gives  the  velocity  in  the  line  of  sight,  and  the 
third  gives  the  error  in  the  sense,  observed  minus 
computed ;  the  next  three  columns  refer  to  Com- 
ponent 2,  giving  the  same  data  as  was  given  for 
Component  I ;  the  last  column  gives  the  weight 
to  be  assigned.  It  is  difificult  for  anyone,  other 
than  he  who  measures  the  plates,  to  determine 
the  weights  which  should  be  assigned.  Hence, 
the  writer  adopted  Dr.  Ludendorflr's  assignment 
of  weights  and  used  the  same  plan  in  the  reduc- 
tion of  his  own  measures.  It  is  as  follows.  Un- 
less there  be  good  reason  for  an  increase  or  de- 
crease in  the  weight  to  be  assigned  to  a  plate,  it 
is  made  equal  to  one-half  of  the  sum  of  the  num- 
ber of  lines  measured  on  the  two  components. 
There  are  other  methods  of  assigning  weights 
which  are  better,  but  it  seemed  desirable  to  treat 
both  sets  of  data  exactly  alike.  Hence,  the  plan 
adopted  by  the  observer  at  Potsdam  was  used 
in  both  cases. 
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TABLK  I.    VELOCITIES 

I'OTSUAM    ODSP.RVATIONS. 


COMI'ONKiNT    I. 

COMTONENT 

2. 

BATK. 
.   M.  T. 

PHASK. 

NO. 

1 

' 

N. 

V. 

o-c. 

N. 

V. 

o-c. 

WT. 

u) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

1901 

DAYS 

KM. 

KM. 

K  .M . 

K.M. 

I 

Mar. 

24.383 

0.989 

3 

+  42 

+  68 

5 

-67 

-    8.3 

4 

> 

26.393 

2-999 

4 

-r42 

—   3-7 

3 

—  66 

+    7-6 

3 

3 

29.293 

5-899 

0 

1 

+  36 

+    1-5 

0 

4 

30.333 

6.9.39 

4 

—  90 

—   4 

2 

3 

+  64 

+    3-8 

3 

^ 

Apr. 

2.3"3 

9.919 

0 

■t 

+  44 

+   2.5 

0 

6 

i6.3.?3 

3.. 102 

11 

+  44 

—    2 

2 

3 

-78 

—   2.7 

5 

7 

17-333 

4.402 

4 

+  36 

+    2 

3 

2 

—  59 

+    5-8 

3 

S 

20.32s 

7-392 

5 

—  88 

—   9 

7 

3 

+  47 

—   8.5 

- 

9 

21.. ^33 

8.402 

3 

-76 

_    2 

7 

2 

+  38 

—  11-5 

2 

10 

22.3.33 

9.402 

3 

-63 

—   2 

2 

3 

+  46 

+    8.7 

3 

11 

25.323 

10.392 

4 

—  52 

—   3 

2 

2 

+  22 

—   5-4 

3 

12 

24-343 

11.412 

3 

—  ■\o 

—  0 

- 

I 

+  16 

—   2.8 

- 

13 

.\[ay 

2.363 

19-432 

2 

+  23 

-1-    2 

7 

I 

-48 

—   5-8 

I 

14 

3-353 

20.422 

2 

+  22 

—   5 

2 

2 

—  53 

—    3-2 

2 

15 

5-363 

1.869 

7 

+  46 

+    8 

7 

6 

-68 

—   6.7 

6 

i6 

12.363 

8.896 

4 

-67 

—   0 

5 

3 

+  16 

+    4-5 

3 

17 

13-343 

9.876 

I 

—  62 

—  6 

8 

3 

+  34 

+    2.2 

2 

i8 

14-313 

10.876 

2 

—  54 

—   8 

8 

4 

+  20 

—   2.6 

3 

19 

24 -.^73 

0.369 

5 

+  35 

+    4 

2 

3 

—  60 

—   6.2 

4 

20 

31.3:^3 

7-349 

7 

-85 

—   c 

- 

5 

+  .56 

—   2.8 

6 

21 

June 

i-3.x3 

8-349 

7 

—  72 

+    1 

8 

5 

+  48 

—   0.8 

6 

2J 

13-373 

20.369 

2 

+  38 

+  11 

2 

I 

—  47- 

+   2.8 

I 

23 

19-413 

5-873 

3 

—  65 

—  10 

5 

4 

+  41 

+   6.8 

3 

24 

20.. 153 

6.813 

6 

-87 

—    1 

5 

- 

+  56 

—   4.2 

4 

25 

21.393 

7-853 

5 

—  82 

—    1 

7 

8 

+  .50 

-  4.8 

3 

26 

23-363 

9-823 

3 

—  60 

—    4 

- 

4 

+  32 

—  0.8 

3 

1903 

27 

Apr. 

28.432 

6.190 

8 

^(X) 

—    1-5 

8 

+  51 

+   2.4 

8 

28 

.30-432 

8.100 

2 

—  75 

+    1-5 

2 

+  .=;8 

+    7-4 

2 

2'J 

Ma>- 

13-313 

0.534 

5 

+  40 

+   8.2 

5 

-48 

+    7-3 

5 

30 

14-373 

1 .  594 

4 

+  46 

+    6.8 

6 

-56 

+    7-7 

5 

31 

20.323 

7 -.-44 

5 

—  75 

+   8.2 

9 

+  50 

—    7-2 

7 

32 

22.323 

9.. =44 

4 

—  60 

—    1-4 

3 

+  39 

+   3.5 

3 

33 

1905 

23-323 

10.544 

3 

—  57 

-    8.4 

+  28 

+   2.2 

2 

34 

Apr. 

20.353 

10.335 

4 

—  53 

—    2.7 

4 

+  25 

-   2.8 

4 

35 

30.333 

20.31S 

2 

+  21 

—   5-8 

2 

—  47 

+   2.3 

2 

36 

May 

3-353 

2.799 

7 

+  40 

—   5.0 

7 

—  67 

+   5.8 

7 

37 

4 -.363 

3.809 

8 

+  36 

—   8.2 

7 

-78 

—    3-2 

So 
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TABLE  I.    VELOCITIES. 

POTSrjAM    OBSERVATIONS — CONT'D. 


COMPONENT   I. 

COMPONE-NT    2. 

c 

DATi:, 
.   M.  T. 

PHAS!;. 

NO. 

N. 

V. 

o-c. 

N. 

V. 

o-c. 

WT. 

(I) 

(2) 

(3) 

(A) 

(5) 

(5) 

(7) 

(8) 

(9) 

(10) 

1905 

DAYS 

KM. 

KM. 

KM. 

KM. 

.18 

May 

9-343 

8-789 

I 

—  70 

—     1.6 

I 

+  .^9 

-    5.8 

I* 

39 

25-343 

4.252 

5 

+  43 

+     5.5 

5 

—  75 

—   5-5 

5 

40 

27-343 

6.252 

3 

—  70 

+     2.5 

3 

+  44 

—   5.6 

3 

4i 

2S.343 

7-252 

4 

-83 

•   +    2.8 

5 

+  65 

+   6.7 

4 

42 

29-343 

8.252 

6 

—  77 

—     1.2 

7 

+  .55 

+   4.6 

6 

43 

30.363 

9.272 

4 

—  60 

+     3.3 

3 

+  39 

+    0.2 

3 

4-', 

31-363 

10.272 

9 

—  49 

4-    2.3 

9 

+  26 

—  2.6 

9 

45 

June 
1906 

19-423 

8.796 

3 

-64 

+    4.6 

5 

+  43 

—  0.7 

4 

46 

Mar. 

29.403 

4.286 

4 

+  41 

+    3.2 

I 

-36 

+  33.3 

ot 

47 

.Apr. 

T-373 

7.236 

2 

-83 

+    2.7 

2 

—  62 

+    2.8 

2 

48 

3-373 

9.236 

I 

—  73 

-    9.8 

I 

+  28 

—  10.6 

I* 

49 

15-353 

0.679 

2 

+  33 

+     0.2 

3 

-63 

-  6.7 

2 

50 

17-303 

2.629 

3 

+  50 

-    4.8 

I 

—  75 

-   3.6 

2 

51 

21.363 

6.689 

3 

-89 

-    3.6 

5 

+  58 

—   2.0 

4 

52 

23-313 

8.639 

3 

-68 

+     2.5 

6 

+  51 

+   5.0 

4 

53 

24-343 

9.669 

4 

—  55 

+     2.5 

5 

+  31 

—  3.3 

4 

:;jl 

May 

5-333 

0.123 

7 

+  20 

—    9.3 

II 

—  51 

+   0.8 

9 

-- 

6.323 

I.II3 

8 

+  37 

+     1.2 

6 

—  65 

—   5.4 

7 

56 

7-343 

2.133 

6 

+  41 

—     1.2 

3 

—  66 

+   2.2 

5 

57 

8.323 

?.--'ii 

3 

+  53 

+   6.8 

3 

-64 

+  10.2 

3 

58 

13.333 

8.123 

6 

—  82 

—  6.0 

7 

+  59 

+   8.5 

6 

59 

14-323 

9. 1 13 

4 

—  59 

+   5.5 

3 

+  44 

+   3.7 

3 

*  Under  exposure. 

t  Only  I  line  on  Comp.  2. 


Normal  places.  The  final  velocities  as  given  in 
Table  I  were  combined  into  sixteen  normal  places 
with  the  phase  as  the  basis  of  grouping.  Care 
was  taken  that  the  limits  of  phase  for  each  nor- 
mal place  be  so  small  that  the  velocity  curve  over 
that  interval  would  be  essentially  straight.  The 
weight  assigned  to  each  place  was  determined  by 
the  number  of  good,  measurable  lines  on  all  of 
the  plates  used  in  making  up  the  normal  place. 
The  phases  as  given  in  column  (2)  have  been 
reduced  to  the  sun.  Column  (3)  gives  the  limits 
within  which  the  phases  of  the  plates  fall  which 
were  used  in  forming  each  normal  place.  The 
velocities  of  the  two  components  are  given ;  also 


the  residuals  in  the  sense,  observed  minus  com- 
puted, based  on  the  final  elements. 

The  normal  velocities  given  in  Table  II  are 
plotted  in  Plate  \'I.  The  exact  positions  are 
shown  by  the  centers  of  the  small  circles. 

From  the  phases  which  had  been  reduced  to 
the  sun  and  the  velocities  corrected  for  cun'ature 
as  given  in  Table  II,  velocity  curves  were  plotted. 
From  these  curves  preliminary  elements  for  each 
component  were  derived  by  use  of  the  Forty-five 
Degree  Chordal  ^Method.*  The  two  components 
were  carried  entirely  through,  separately.  Com- 
ponent I  having  been  taken  up  first.    But  before 

^  Astrophysical  Journal,  Vol.  28,  page  212. 
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taking  up  citiicr  cotnponcnt  it  is  desirable  to  set- 
tle the  question  of  the  period. 

Period.  In  order  to  obtain  an  accurate  value 
for  the  period,  Ludendorff's  velocities  were  plot- 
ted with  /'  taken  equal  to  20.536  days  which  was 
known  already  to  be  a  good  value.  The  Ann 
Arbor  velocities  were  similarly  plotted  and  the 
curves  transferred  to  tracing  cloth  which  was 
then  fitted,  as  nearly  as  could  be,  to  the  curves 
from  Ludendorfi"s  measures.  With  the  curv-es 
in  the  best  agreement,  the  time-axes  were  com- 
pared at  six  different,  well  defined  points  and 
the  average  of  the  six  determinations  gave 
A  T  =  -f  0.07  days. 

The  mean  time  for  the  Potsdam  observations 
was  taken  as  1903.5  and  for  the  Ann  Arbor  ob- 
servations, 1912.6.  The  time  interval  between 
these  two  dates  is  9.1  years  which  is  approximate- 
ly 161  periods.    From  this  it  follows  that 


AP  = 


-I-  0.07 
161 


-0.00044  days. 


This  correction  is  much  smaller  than  might 
have  been  expected  since  Ludcndorff  stated  that 
his  determination,  7^==  20.536,  was  correct  within 
a  few  thousandths  of  a  day.  By  applying  the 
correction  which  was  found,  we  have  F^ 
20.53644  days  as  the  true  period.  From  the 
method  of  its  determination  and  the  large  time 
interval  over  which  it  extended,  we  shall  adopt 
this  as  final  and  no  further  correction  for  this 
element  will  be  sought  in  connection  with  the 
least  square  solution.  The  period  having  been 
accurately  found,  the  value  of  /t,  the  mean  daily 
motion,  was  easily  derived. 

fi  =  i7°.5298- 

Since  /x  and  P  are  mutually  dependent,  the 
values  of  these  two  quantities  will  be  accepted 
without  further  correction.  Since  8  /x  will  not  be 
needed  in  the  least-square  formulae,  only  five  un- 
knowns will  occur  and  the  computation  will  be 
greatly  simplified. 


TABLE  II.    XORM.\L  PLACES. 

PCTSIlAM   OBSERVATIONS. 


PHASE. 

LI -MIT 

sol 

THASE. 

WT. 

1 

COMPONENT    I. 

COMPONENT  2. 

NO. 

VELOCITY. 

o-c. 

VELOCITY. 

o-c. 

(I) 

(2) 

(3) 

(4) 

(s-* 

(6) 

(7) 

(8) 

I 

6.135 

5.87 

to 

6.26 

0.56 

—  69.11 

+  0.29 

-1-48. 10 

-I-1.36 

2 

6.802 

6.68  to 

6.94 

0.44 

—  88.93 

-3-46 

4-  .59-08 

—  0.95 

3 

7-439 

7.23 

to 

7.56 

1. 00 

—82.06 

+  2.14 

-1- 55-32 

—  2.80 

4 

8.250 

8.12 

to 

8.41 

0.88 

—  76.73 

—  1-35 

-1-52-96 

+  2.96 

5 

8.768 

S.63 

to 

8.90 

0.48 

—  66.6a 

+  2.30 

-1-  46-04 

-I-1-H7 

6 

9.260 

9. II 

to 

9-41 

0.40 

—  61. go 

-f-0.96 

-1-41-50 

-1-2.76 

7 

9.711 

9-.S4 

to 

9-92 

0.48 

—  58.67 

—  I. II 

-1-33-75 

—  0.18 

8 

10.3.16 

10.27 

to 

10.55 

0.72 

—  51-28 

—  0.64 

-1-25-33 

—  2.29 

9 

11.144 

10.87 

to 

11.42 

0.16 

—  47-00 

-4-56 

-1-  18.00 

—  2.02 

10 

20.212 

19-43 

to 

20.43 

0.24 

-f- 24.50 

-  1-37 

—  49-27 

—  0.98 

II 

20.82S 

20.65 

to 

21.07 

0.72 

-^28.89 

—  1.27 

—  52-17 

-1-0.08 

12 

21.5-43 

21.21 

to 

21.65 

0.52 

+  37-92 

-1-2.82 

—  65-31 

-6.37 

i.^ 

22.412 

22.13 

to 

22.67 

0.64 

-1-44-44 

-1-3-70 

—  63.62 

4-2.40 

14 

23-415 

23.16 

to 

23-65 

0.60 

:        -I-44-.TO 

—  1.08 

—  67.73 

-1-5.47 

15 

24-175 

23-93 

to 

24-35 

0.48 

-1-  .TO.65 

—  5-29 

-78.35 

—  3-31 

16 

24.844 

24.79 

to 

24 -94 

0.32 

-1-40.49    - 

-1-4-43 

—  69.10 

-1-55 
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Coinpoiioit    I.     \'elocity   curves    having   been      to  be   satisfactory,  the  largest  of  the   residuals 
drawn  with  as  much  accuracy  as  was  possible,  the     being  0.005  while  the  average  value  was  0.003. 


following   set   of 
rived : 


)reliniinarv   elements   was   de- 


rRELlMIX.VRV   l-XUMENTS    (COMru.NENT    l). 

P  =20.53644  days, 

II  =  ]7°.52q8, 

r  =  5.600  days  from   1912  March  10.000. 

e  =0.5440, 

w  =  101°  I2'.2, 

/f  =  68.0  km., 
Vo  —  —  18.0  km., 
7  =:  — ■  10. 82  km. 

From  these  elements  an  ephemeris  was  com- 
puted and  the  residuals  found  in  the  sense,  ob- 
served minus  computed.  The  agreement  being 
sufficiently  close  between  observation  and  com- 
putation, a  least  square  solution  was  undertaken. 
The  sixteen  normal  places  gave  sixteen  equations 
of  condition.  The  usual  method  of  treatment 
gave  the  five  normal  equations  which  follow.  The 
notation  is  that  of  Schlesinger  in  his  paper  pub- 
lished in  the  Allegheny  Obserz'atory  Publications, 
\o\.  I,  No.  6. 

NORM.^L   r.Ql'-\T10NS. 

8.641'  — o.8/Oic  —  ;,.248t  — o.7i2t  —  o.27iT -I- 8.794 --0. 

-|-.t-7.?0k  -1-0.383'r-l-  i.209e -I- 0.0147- -I- 7.264  =  0, 

-\-  2.910^  -I-  o.730f  -t-  0.715T  -)-  0.620  =  o, 

-I-  0.9456  -t-  0.258T  -I-  0.478  =  o, 

-|-  0 .  305T  -|-  o .  866  =  0. 

The  five  normal  equations  were  treated  after 
the  method  given  in  \'ol.  i  of  Chauvenet's  Prac- 
tical Astronomy.  A  solution  of  these  equations 
gave  the  following  values : 

T=-f  0.4844. 

e  =  +  2.6638, 
T  =  —  3  •1655, 
K  =—1.9489, 

r  =  —  2.1693. 

To  check  the  accuracy  of  the  numerical  work, 
the  values  of  the  unknowns  were  substituted  in 
the  normal  equations.    The  agreement  was  found 


From  these  values  of  the  unknowns  the  correc- 
tions to  be  applied  to  the  elements  were  obtained. 
The  corrections  and  the  corrected  elements  fol- 
low : 

CORSECTIO.NS. 

Siv  =  —  1 .949  km., 
5u  =  4-  2°  40'.0, 

5e  =  —  0.01248, 
5T  ^  -\-  0.00577  days, 
87  =:  —  0.851  km. 

CORRECTED   ELEMENTS. 

T  =r  5.60577  da\'s, 
c  =0.53152. 

W  =  103°  52'.2. 

K  =66.051  km.. 

7  :=  —  II  .671  km. 

The  residuals  recorded  in  column  6  of  Table 
II  were  found  by  comparison  of  the  observed  ve- 
locities with  an  ephemeris  computed  from  the  cor- 
rected elements.  The  differences  between  these 
residuals  and  those  found  from  the  normal  equa- 
tions were  so  small  that  the  second  order  terms 
neglected  in  making  a  least  square  solution  were 
evidently  inappreciable,  hence  a  repetition  of  the 
least  square  solution  was  not  necessary. 

It  is  now  possible  to  find  the  quantity,  a  sin  /, 
by  use  of  the  formula. 

a  sin  I  =  [4. 13833]  ( I  —  C-) '~-  K  .  P. 

Substituting  in  the  equation  we  obtain  the  fol- 
lowing value : 

a  sin  i  =;  15,800.000  km. 

The  probable  errors  given  in  connection  with 
certain  of  the  elements  were  computed  by  the 
usual  method.  The  value  for  the  mass,  ;«,,  can- 
not be  determined  at  this  point  in  the  solution, 
but  is  given  here  even  though  derived  later.   The 
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liiial   elements    for  Component    i    derived    from 
Liidendorff's  measures  follow : 

riNAU    KLEMENTS.      (com  PONE  XT    I). 

P  =20.536-14  days, 

M  =  i-°.5298, 

T  =  5.6058  ±  0.0700  days  from 

1912,  March  10.000, 
e  =0.53152  ±  o.oio2.(, 
w  =  103°  52'.2  ±  2°  47'.9, 
K  =66.05  —  0-77  kni-. 
7  =  —  II  .67  km., 
a  sin  I  =  I  ^,^0.000  km  . 
i.57  0 


The  probable  errors  in  <i>  and  T  indicate  some 
uncertainty  in  the  values  of  these  quanti- 
ties. This  was  to  be  expected  since,  in  forming 
the  elimination  equations,  the  quantity  [ce.  4] 
is  very  small.  This  quantity,  [ee.  4].  is  a  func- 
tion of  the  coefficients  found  in  the  normal  equa- 
tions and  since  it  nearly  vanishes  owing  to  the 
peculiarities  of  the  normal  places  and  the  velocity 
curve,  the  value  of  t  and  hence  of  ST  are  uncer- 
tain. The  vahie  of  <«  changes  with  the  value  of  T, 
therefore,  it  is  uncertain  also. 

The  least  square  solution  having  been  complet- 
ed, the  following  results  may  be  stated : 

1.  The  sum  of  the  weighted  squares  of  the 
residuals  for  the  sixteen  normal  places  was  re- 
duced from  87.48  to  53.52. 

2.  The  probable  error  of  a  normal  place  of 
weight  unity  was  found  to  be  ±  1.49  km. 

3.  The  residuals  recorded  in  column  6  of 
Table  I  were  scaled  from  the  tinal  velocity  curve, 
Plate  \'\.  These  residuals  gave  ±  3.5  km.  as  the 
probable  error  of  the  average  plate  and  ±  2.}, 
km.  as  the  probable  error  of  the  best  plates  of 
the  series. 

Xext  in  order  should  come  a  like  treatment  of 
the  measures  of  Component  2.  While  the  dis- 
cussion is  more  brief,  the  details  of  the  process 
were  identically  the  same  as  those  used  in  Com- 
ponent I. 

Compotient  2.  As  in  tlxe  preceding  case,  pre- 
liminary elements  were  derived  and  residuals 
found  by  a  comparison  of  the  observed  and  the 
computed  velocities  for  each  of  the  sixteen  nor- 
mal places. 


rREU.MI.NARV    KUEMBNTS.     (COMPO.VE.NT    2). 

/'  =  20. 53644  days, 

M  =  17^.5298, 
7*^5.56  days  from 

1912,  March   lo.ooo, 

*  =  0.5410, 

w  =  282''  6' .4. 
K  =  67.0  km., 

/'u'  =  5.0  km., 

7  =  —  I2.t'i  km. 

The  normal  equations  derived  from  the  six- 
teen equations  of  condition  took  the  following 
form : 

.NCR.M.XL  E.fATIONS. 

8.64r  -I-  o.8i3k  -f  2.459T  -I-  o.836e  -|-  0.297T  -f  4.712  =  o. 

S'i/K  4-0.489ir-|-  1.197c  fo.o63r  — 0.912  =  0. 

2.903T  4-  0.765^  -f  O.704T  —  2.062  =  0. 

0.7046 -f-0.2J7r -I-  1.459  =  0. 

O.287T  —  O.45S  =  0. 

-As  indicated  in  connection  with  Component  i. 
the  elimination  equations  were  formed  from 
these  normal  equations.  Again  the  value  of 
[cc.  4]  was  small  enough  to  indicate  some  uncer- 
tainty in  the  values  of  7"  and  w. 

The  five  normal  equations  gave  the  following 
as  the  values  of  the  unknowns : 

T  =  4-  0.8046. 
£=  -5.2975. 
IT  =  -I-  2.4510. 

K—+  I. 1694. 

r  =  — 0.8679. 

The  accuracy  of  the  numerical  work  was  shown 
by  the  small  residuals  which  were  obtained  when 
the  values  of  the  unknowns  were  substituted  in 
the  normal  equatiors,  the  average  value  for  the 
five  equations  being  0.005,  while  the  largest  was 
only  0.007.  The  corrections  and  the  corrected 
elements  follow : 

CORRECTIONS. 

S/C  =  -|-  1.169  km.. 
5w=_2''5'.8, 
Se  =:  -{-  0.02530, 
ST  =  -1-0.00983, 

Sy  =  —  0.0596  km. 
FIRST   CORRECTED   ELEMENTS. 

K  =68.169  km., 
w  =  280"  o'.6. 
e  =0.56630. 
T  =  5.56983  days  from 

1912,  March  10.000, 
7  ^  —  12.670  km 
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The  residuals  (observed  minus  computed  ve- 
locities) were  found  from  the  normal  equations 
and  also  from  an  ephemeris,  the  corrected  ele- 
ments being  used.  The  differences  for  eight  of 
the  sixteen  normal  places  exceeded  o.i  and  ranged 
in  value  from  o.ii  to  0.3 1.  To  make  sure  that 
the  second  order  terms  were  not  affecting  the 
results,  a  second  least  square  solution  was  made 
in  which  the  corrected  elements  were  taken  as  a 
beginning.     The  normal  equations  follow : 

NOKMAI,  EQUATIONS    (SECOND   SOLUTION). 

8.64r  -I-  0.879k  -f  3-596T  +  0.658^  -|-  o.3i8r  -j-  i  .958  =  o, 

5 •567k  -|-  0.228^+  1.272^  -|-  0.002T  —  0.876  =  o, 

3-073'^  -|-  o.7i6e-|-  0.651T  —  0.686:=  o, 

o.936e  -f-o.238T  —  1. 217  =  0, 

0.246T  -|-  0.066  =  o. 

This  set  of  equations  gave  the  following  as  the 
values  of  the  unknown : 

T  =  — 10.8148, 

€  =  +     2.893-', 

ir  =  -t-    3.6645, 

K  —  0.4082, 

r  =  —  1-5328. 

As  in  the  other  solution,  the  value  of  the  quan- 
tity, [ee.  4],  was  small.  To  check  the  numerical 
computation,  the  values  just  derived  were  sub- 
stituted in  the  normal  equations.  The  average 
residual  obtained  from  the  five  equations  was 
0.005,  which  showed  complete  agreement  be- 
tween the  values  of  the  unknowns  and  the  equa- 
tions. 

The  corrections  and  the  corrected  elements  re- 
sulting from  the  second  least  square  solution  are 
given  below. 

CORRECTIONS. 

SK  =  — 0.4082  km., 
Su  =_3°4'.8, 
Se  ^  —  0.01304. 
Sr  =  —  0.11832  days, 
57  =  4-  0.706  km. 


The  agreement  between  residuals  by  the  normal 
equations  and  by  ephemeris  was  satisfactory,  thus 
indicating  that  second  order  terms  were  negli- 
gible. Hence,  a  third  solution  would  yield  un- 
important changes. 

As  in  the  case  of  Component  i,  the  quantity 
a  sin  /  was  found.     Its  value  follows  : 

a  sin  i'  =:  15,940,000  km. 

It  is  now  possible  to  find  the  masses  of  the  two 
components  in  terms  of  the  mass  of  the  sun  and 
the  angle  /.     The  two  values  follow : 

1.57O 


sm  I 
1.46O 


The  value  of  sin^  i  cannot  be  greater  than  unity 
and  hence  the  numerators  of  these  e.xpressions 
represent  the  minimum  values.  However,  in  find- 
ing the  ratio  of  the  masses  this  indeterminate 
quantity  cancels  out  and  the  following  value  is 
obtained : 


As  the  final  elements  for  Component  2,  derived 
from  the  Ludendorft'  measures,  we  have  the  fol- 
lowing : 

FIN.^L   ELEMENTS    (COMPONENT   2). 

P  =20.53644  days, 

H  =  17'  5298, 

T  =  5.4515  ±  0.0835  days  from 

1912,  March  lO.ooo, 
e  =0.55326  ±0.01241, 
w  =  276°  55' .8  ±  2°  I7'.5, 
A"  =  67.76  ±0.98  km., 
7  ^  —  II  .96  km., 
a  sin  :  =  15.940,000  km., 
i.d60 


CORRECTED   ELEME.N'TS. 

K  =67.761  km., 
to  =276°  55'. 8, 
e  =0.5.5326, 
T  =  5.45151  days, 
7=^11 .964  km. 


The  uncertainty  in  the  determination  of  T  and 
0)  is  again  evident  from  the  probable  errors. 

Having  arrived  at  a  set  of  elements  which  give 
satisfactorv    agreement    between    observed    and 
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coni[)Utcd  velocities,  the  following  points  of  in- 
terest slionld  he  noted : 

I.  The  sum  of  the  weighted  squares  of  the 
residnals  was  reduced  from  99.66  to  83.12  by  the 
(irst  least  square  solution  and  to  75.83  by  the 
second. 

_'.  The  probable  error  of  a  normal  place  of 
weight  unity  was  found  to  be  ±  1.77  km. 

3.  The  residuals  recorded  in  column  9  of 
Table  1  were  .scaled  from  the  iinal  velocity  curve, 
Plate  \'I.  From  these  residuals,  the  probable 
error  of  an  average  plate  was  found  to  be  ±:  3.7 
km.  and  for  the  best  plates  of  the  series  it  was 
found  to  be  it  2.4  km. 

Velocity  Curves.  The  velocity  curves  shown 
in  Plate  VI  were  plotted  from  an  ephemeris  com- 
puted from  the  final  elements  for  each  of  the 
two  components  as  derived  from  the  Potsdam 
measures.  Points  were  located  at  frequent  in- 
tervals throughout  the  entire  length  of  the  curves 
so  that  they  might  give  an  accurate  representa- 
tion of  the  velocities  in  all  parts  of  the  orbits. 
Beginning  at  the  left  border  of  the  plate,  the 
upper  curve  belongs  to  Component  i  and  the 
lower  one  to  Component  2. 

This  completes  the  discussion  of  Dr.  Luden- 
dorff's  measures  with  the  exception  of  certain 
questions  arising  in  connection  with  the  ratio  of 
the  masses  and  the  center  of  mass  velocity.  These 
two  points  will  be  taken  up  and  discussed  later 
in  this  paper. 

.■\N'N   ARBOR  OBSERV.VTIONS 

Observations  of  ^^  Ursa;  Majoris  were  begun 
at  the  Detroit  Observatory  ^larch  10,  1912,  and 
were  continued  until  August  27,  of  the  same  year. 
During  the  following  year,  a  few  plates  were 
made  in  order  to  strengthen  the  weak  parts  of 
the  velocity  curve.  In  all  137  spectrograms  were 
made.  Of  this  number,  128  were  measurable,  90 
plates  showing  the  lines  measurably  separated 
and  38  showing  single  lines.  In  general,  lantern 
slide  plates  were  used.  Of  the  128  measurable 
plates,  122  were  of  this  variety,  while  6  were 
Seed  23.  The  average  time  of  exposure  for  the 
lantern  slide  plates  was  9.1  minutes  for  108 
plates.  Fourteen  lantern  slide  plates  were  made 
with  a  very  narrow  slit  with  an  average  time  of 
exposure  equal  to  35  minutes.     The  6  Seed  23 


plates  re<|uired  an  exposure  of  5.4  minutes  on  the 
axtrage.  While  much  time  might  have  been  saved 
by  using  the  more  rapid  plates,  the  coarser  grain 
made  measuring  much  more  difficult  and  in  some 
cases,  impossible.  The  lantern  slide  plates  should 
be  used  on  this  and  similar  binaries  in  preference 
to  more  rapid  plates.  Jt  is  an  interesting  fact 
that  the  spectrograms  made  with  the  one  prism 
instrument  of  the  Detroit  Observatory  gave 
points  on  the  velocity  curve  almost  as  near  the 
cross-points  of  the  curves  as  did  the  plates  made 
with  the  three  prism  instrument  at  Potsdam. 

Standard  of  Dispersion.  The  writer  has  pre- 
viously measured  and  reduced  a  hundred  plates 
of  y  Lyras.  For  use  in  that  piece  of  work,  a 
standard  was  obtained  by  taking  the  average 
screw  reading  for  each  of  twenty-eight  well  de- 
fined titanium  lines  of  the  comparison  spectrum 
as  measured  on  ten  of  the  best  plates  of  the  series. 
Three  good  lines,  well  distributed  over  the  region 
of  the  spectrum  to  be  used,  were  selected  for  the 
determination  of  the  constants  of  the  corrected 
Hartmann  interpolation  formula.  This  set  of 
constants,  and  hence  the  same  standard  of  dis- 
persion, were  used  in  the  reduction  of  the  plates 
of  ^1  Ursa"  Majoris. 

Measures.  The  spectrum  of  ti  Ursx  Majoris 
is  usually  classified  as  belonging  to  Class  Ap, 
meaning  that  the  star  is  of  division  A  of  the 
Harvard  classification  with  certain  peculiarities. 
The  measures  have  been  considered  as  difficult  by 
each  astronomer  who  has  worked  on  the  plates 
of  this  star.  Vogel  says,  "When  the  spectra  are 
more  strongly  displaced  with  reference  to  one 
another,  most  of  the  lines  which  appear  double, 
become  so  weak  that  the  measurement  of  their 
separation  is  rendered  very  difficult.  On  some 
plates,  in  fact,  it  was  found  possible  to  measure 
only  the  Mg  line,  X  4481.  It  is  to  be  noted  that 
the  fine  lines  of  the  spectra  of  Class  Ia2  are  only 
obtained  when  the  exposure  time  is  exactly  cor- 
rect, and  the  plate  correctly  developed.  In  gen- 
eral, the  measures  are  to  be  classed  as  difficult, 
either  on  account  of  their  excessive  fineness  or, 
in  case  of  the  Mg  and  H  lines,  on  account  of 
the  too  great  width  and  diflfuseness  of  the  lines." 
All  other  measurers  have  experienced  the  diffi- 
culties set  forth  in  the  quotation  from  Vogel. 
The  uncertainty  of  the  measures  is  shown  by  the 
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size  of  the  probable  error  of  a  single  plate  and 
was  also  very  evident  from  the  lack  of  agree- 
ment in  the  measures  of  the  displacement  of  the 
various  lines  on  a  single  plate. 

Identification  of  lines.  Of  the  30  lines  used  in 
this  series  of  plates,  all  except  5  were  identified 
with  certainty  so  that  the  corresponding  wave- 
lengths were  obtainable  from  the  tables  giving 
such  data.  The  wave-lengths  for  the  five  un- 
identified lines  were  found  as  will  be  explained 
later. 

Preliminary  velocities.  Having  identified  as 
many  lines  as  possible,  the  next  process  was  the 
determination  of  the  velocities  resulting  from  the 
displacements  shown  by  the  known  lines.  The 
wave-lengths  adopted  were  taken  from  recognized 
authorities  as  will  be  seen  by  referring  to  Table 
III.  Using  the  corrected  Hartmann  interpolation 
formula  and  the  constants  previously  found,  the 
screw  reading  for  zero  displacement  of  each  star 
^line  was  computed  and  also  the  corresponding 
factor  necessary  to  transform  displacements  in 
terms  of  screw  readings  into  velocities  in  km.  per 
second.  The  velocity,  as  given  from  the  displace- 
ment of  each  known  measured  line  on  everj'  plate, 
was  then  found.  The  arithmetical  mean  of  the 
velocities  as  shown  by  the  lines  of  each  plate  was 
taken  as  the  velocity  for  that  plate  unless  the 
lines  were  clearly  of  unequal  weight.  By  this 
means,  a  complete  set  of  preliminary  velocities 
was  determined. 

Unknozvn  lines.  These  preliminary  velocities 
and  the  proportionality  factors  of  the  unknown 
lines  for  the  purpose  of  changing  screw  readings 
into  velocities  having  been  determined,  it  was 
not  difficult  to  reverse  the  process  and  find  the 
wave-lengths  of  the  lines  so  that  they  would  give 
the  same  velocity  a^  that  shown  by  the  known 
lines  of  the  plate.  This  was  done  for  each  un- 
known line  for  all  of  the  plates  on  which  it  w'as 
measured  and  a  weighted  mean  of  the  results 
taken  as  the  wave-length  of  that  particular  lui- 
identified  line.  The  results  are  shown  in  Table 
III.  The  accuracy  of  these  wave-lengths  and  con- 
fidence to  be  placed  in  their  determination  is 
shown  by  their  probable  errors  and  by  the  num- 
ber of  measures. 

Use  of  the  newly  determined  lines.  The  prob- 
able errors   in  the   values  of  the   wave-lengths, 


which  were  found,  indicate  such  accuracy  as 
would  lead  to  a  better  determination  of  the  ve- 
locities from  the  measures  of  the  separate  plates 
if  these  new  lines  were  included.  Hence,  the  ve- 
locities were  computed,  use  being  made  of  the 
displacements  of  these  new  lines.  That  the  values 
were  improved  was  very  evident  from  the  closer 
agreement  between  the  velocities  as  determined 
from  successive  plates  made  on  the  same  night. 
Final  velocities.  One  other  correction  was  nec- 
essarj-  before  the  velocities  could  be  accepted  as 
final.  The  residuals  for  each  line  on  all  of  the 
plates,  which  showed  measurable  separation,  were 
found.  These  residuals  came  from  a  compari- 
son of  the  velocity  as  given  by  the  line  itself  with 
the  velocity  as  given  by  the  plate.  A  correction 
to  be  applied  to  each  line  was  then  found  which 
would  reduce  to  zero  the  algebraic  sum  of  the 
residuals  of  that  line  for  all  of  the  plates  on 
which  it  was  measured.  These  corrections  pro- 
duced noticeably  better  agreement  between  ob- 
served velocities  and  those  computed  from  the 
final  elements. 

Table  III.  This  table  contains  data  concerning 
the  lines  used  in  this  investigation.  The  first 
column  gives  the  assumed  wave-length  of  the  line. 
The  second  column  gives  the  authority.  R 
stands  for  Rowland,  K  for  Kayser,  L  for 
Lockyer,  RHC  for  Professor  Ralph  H.  Cur- 
tiss  of  this  observatory  in  his  paper  on  p  Lyrse, 
L  H  for  the  value  as  detennined  by  the  writer 
of  this  paper.  The  third  column  gives  the  inten- 
sity on  a  scale  of  i  to  20.  The  fourth  column 
gives  the  element,  if  it  is  known.  The  fifth  col- 
umn gives  the  wave-length  in  Zi  Ursas  Majoris, 
from  which  the  final  velocities  were  obtained. 
Columns  6,  7,  and  8  give  the  number  of  times  the 
lines  were  measured  on  plates  showing  separation 
of  the  components. 

Following  the  table  is  to  be  found  the  computed 
wave-length  for  each  of  the  unknown  lines,  the 
probable  error,  and  the  number  of  measures  on 
which  the  determination  depended.  The  prob- 
able errors  do  not,  however,  take  into  account  the 
very  slight  inaccuracies  affecting  the  determina- 
tion of  the  wave-lengths  by  the  corrected  Hart- 
mann interpolation  formula. 

Ann  Arbor  velocities.  The  results  of  the 
measures  of  the  plates  made  at  this  Observatory 
are  iriven  in  Tables  l\  and  ^^    Table  W  contains 
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*  LH'  X  4063.770  ±  0.012,  71  measures. 

*  LH^^  4136.869  it  0.040,  10  measures. 

*  LH'  ^  4163.882  ±  0.03s,  10  measures. 

*  LH'X  4233.543  ±  o.oig,  54  measures. 

*  LH''^  4308.072  it  0.039,  24  measures. 

■This  line  was  measured  only  on  plates  showing  lines  unresolved. 
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5,  UltSAK  MAJORIS. 

NUMBER  OF  MEASURES. 

W.\VE-I.F.NXTI1. 

COM  P.  I 

COM  p.  2    '     TOTAL. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7)       ,      (8) 

3905.670 
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2 

Si 

3905.724 

9 

10 

19 
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K 

2 

Ti 
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15 

13 

28 
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K 

10 

Ca 
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27 

27 

54 

4005.730 

RHC 
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21 

22 

43 
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R 

3 
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60 

58 
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42 
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I, 

I 
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21 
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R 

1 

Fe 
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18 

18                36 
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L 

2 
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41 

40                81 

4101.927 

R 

20 

H5 

4101.946 

I 

I                   2 

4128.204 

RHC 

I 

Si 

4128.336 

16 

13                 29 

41.32- 139 

K 

I 

Van. 

4132.455 

10 

12                22 
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LH^ 

I 

? 

4136.826 

9 

8         !       17 

4144.038 

R 

I 

Fe 

4 '43 -992 

31 

28                  59 

4163.882* 

LH' 

I 

? 

4163-877 

6 

6                 12 

4173-765 

RHC 

I 

p 

4173-748 

36 

38                 74 

4179.070 

RHC 

I 

? 

4179.146 

7 

5                 12 

4215.680 

K 

1 

Sr 

4215-725 

43 

42                85 

4233-543* 

LH' 

I 

? 

4233-505 

39 

39                 78 

4290.382 

K 

I 

Ti 

4290.327 

22 

26                48 

4308.072* 

LH= 

I 

? 

4308.114 

17 

15                32 

4325-939 

K 

2 

Fe 

4.-?25.799 

10 

10                20 

4340-634 

R 

20 

H7 

4340.662 

3 

3 

6 

4352. 42t 

K 

2 

Sb 

4443-99 

L 

I 

Enh.  Ti 

4444-031 

II 

II 

22 

4481-397 

RHC 

6 

Mg 

4481.462 

46 

45 

91 

45.34-171 

L 

2 

Enh.  Ti 

4534-220 

3 

0 

3 
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R 

2 

Ti  &  Co 

•• 

4572 -473t 

K 

I 

Ce 

.. 

4861. 527t 

R 

20 

H^ 

•• 

data  coming  from  the  plates  which  showed  the 
lines  of  the  two  spectra  measurably  separated 
and  Table  V,  the  data  coming  from  the  plates  in 
which  the  lines  were  not  resolved  and  hence  had 
to  be  measured  as  single  lines.  The  different 
columns  of  these  tables  give  the  same  data  as  the 
corresponding  columns  in   the   table  of   Luden- 


dorft"s  measures.  The  initials  in  column  (2)  are 
those  of  the  observer  at  the  telescope ;  Prof.  Cur- 
tiss,  Mr.  Mellor,  and  the  writer.  All  of  the  meas- 
ures were  made  by  the  writer.  The  measuring 
engine  w'as  carefully  tested  for  screw  error,  which 
was  found  to  be  inappreciable.  Hence,  no  cor- 
rection was  needed  for  that  source  of  error. 
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TABLE  IV.     VELOCITIES. 

ANN    ARBOR  OBSERVATIONS. 


COMPONENT 

I 

COMPONENT  2 

PLA. 

OBS. 

DATE 
G.  M.  T. 

PHASE. 

NO. 

N 

V 

o-c 

N 

V 

o-c 

WT. 

(i; 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

1 1)1  J 

319 

H 

March    10.760 

0.760' 

5 

+  53-2 

+  10.2 

5 

—  52.0 

+    1-5 

5 

321 

H 

10.786 

0.786 

3 

+  49.8 

+    6.6 

3 

—  59-9 

-  .6.0 

3 

333 

M 

12.792 

2.792 

8 

+  64-3 

+    8.0 

7 

—  49.7 

+  15-3 

7 

334 

M 

12.808 

2.808 

II 

+  48-5 

—   7-8 

8 

—  76.4 

—  II. 4 

9 

358 

M 

16.847 

6-847 

9 

-73.8 

+    7-5 

9 

+  76.6 

+   6.1 

9 

359 

H 

16.912 

6.912 

11 

—  75-9 

+    6.1 

II 

+  79-8 

+    9-3 

II 

412 

H 

29.809 

19.809 

5 

+  31.5 

+    1-9 

4 

—  31-I 

+  12.4 

4 

413 

M 

29.819 

19.819 

I 

+  21.0 

-   8.6 

I 

—  44-5 

—    I.O 

I 

421 

M 

Apr.         5.800 

6.264 

6 

—  51-0 

+    7-0 

5 

+  54-9 

+    7-9 

5 

,22     H 

.   5-8II 

6-275 

5 

—  61  .2 

—    3-2 

3 

+  29-7 

-17-3 

4 

435     M 

7-754 

8.218 

9 

—  65.9 

+  14-1 

10 

+  52.S 

+    1.0 

9 

436 

M 

7.764 

8.228 

3 

-84.5 

—   4-5 

3 

+  54-7 

+     3-2 

3 

460 

M 

•23.750 

3-677 

8 

+  61.2 

+   3-8 

8 

-55-1 

+  II. 0 

8 

461 

H 

23-756 

3-683 

7 

+  54-6 

—   2.8 

-69-5 

—   3-4 

7 

472 

C 

26.708 

6.635 

8 

—  70.2 

+    4-8 

8 

+  72-6 

+   6.4 

8 

473 

M 

26.712 

6.639 

7 

-78.8 

-   3-8 

7 

+  60.6 

-   5.6 

7 

475 

M 

26.738 

6.665 

9 

—  88.1 

—  13- 1 

9 

+  58.6 

-    7.6 

9 

531 

M 

May       10.631 

0.022 

7 

+  38.2 

+   2.7 

7 

—  43-1 

+    5-5 

7 

533 

M 

10.671 

0.062 

4 

+  44-5 

+    7-5 

3 

-47-6 

+    1.6 

3 

.535 

M 

14-589 

3-980 

7 

+  53.4 

—   2.4 

7 

-  73.2 

—   8.2 

7 

5.36 

M 

14-594 

3.985  + 

8 

+  66.1 

+  10.3 

8 

-73.6 

—  8.6 

8 
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M 

17-578 

6.969 

-    5 

—  91-4 

-   8.4 

4 

+  .59-7 

—  II. 5 

4 

556 

M 

17-585 

6.976 

3 

—  95-3 

—  12.3 

3 

+  72.7 

+    1-5 

3 

568 

C 

19-672 

9.063 

7 

—  68.1 

+    1-4 

6 

+  57-9 

+    9-8 

6 
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C 

30.617 

20.008 

2 

+  20.4 
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2 
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—   0.2 

2 
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c 
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2 
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3 
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-   6.3 

2 

620 

M 
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II 
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—    3-2 

7 

—  52-7 

—    I.I 

9 
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M 
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6 

+  37-7 

—   1-5 

4 
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—  14.0 

5 
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C 

June        2.591 
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8 

+  35-1 

—  1S.8 

8 

-63.2 

+   0.5 

8 
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C 
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5 
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7 
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6 
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M 
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5 
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—   8.8 

6 
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S 
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M 
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5 

+  30.9 

—  17- 1 

5 
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—   7-0 

5 
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H 

6.580 

6.434 

10 

—  66.9 

+    0.6 

8 

+  53-0 

-  5-0 

9 
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H 

6.594 

6.448 

4 

—  63.9 

+    3.6 

4 

+  55-1 

—  3-0 

4 
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H 

6.610 

6.464 

9 

—  65.1 

+    2.4 

II 

+  58.2 

+   0.2 

10 
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M 

7.603 

7-457 

18 

—  88.2 

—   3-0 

18 

+  73-1 

+   2.3 

18 
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M 

7.609 

7-463 

21 

-89.4 

—   4.2 

20 

+  71.6 

+   0.8 

20 

688 

M 

8.594 

8.448 

15 

—  77-7 

—   0.2 

14 

+  .54-6 

-  3.6 

14 

689 

M 

8.601 

8.4.55 

15 

-72-6 

-4-    4.9 

15 

+  61.5 

+   3.3 

15 

706 

H 

9-593 

9-447 

8 

—  58-8 

+    5-4 

7 

+  43.6 

+  0.2 

7 
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TABLE  IV.     VELOCITIES. 

ANN    .\RBOR    OBSERVATIONS — CONT'd. 


PLA. 

OBS. 

UATi; 
G.  M.T. 

PHASE. 

COMPONENT  1 

COMPONENT  2 

SO. 

N 

V  - 

o-c 

N 

V 

o-c 

WT. 

(0 

(2) 

(3) 

(4) 

(5) 

(6) 

(-) 

•  (8) 

(9) 

(10) 

(11). 

1912 

707     H 

June      g.6o6 

g.460 

6 

—  61.2 

+  3.0 

6 

+  44.8 

+    1-4 

6 

718    C 

TO. 617 

10.471 

5 

—  49.7 

+    1.6 

5 

+  35-5 

+    5-3 

5 

719  c 

10.639 

10.493 

7 

—  58.0 

-  6.7 

+  24.3 

—   5-9 

7 

731    M 
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11.471 

6 

—  45.' 

—  S.I 

6 

+   9.2 

—  10.8 

3 

73-'     M 

11.631 

11.485 

3 

—  .(2.7 

-  2.8 

3 

+  28.0 

+    7-8 

3 

749     M 

2i.66g 

0.987 

6 

+  34.6 

-!-  9.1 

5 

—  51.7 

+    3-6 

5 

750    M 

21.677 

0.995 

6 

+  43.2 

—  0.5 

5 

—  66.1 

—  10.8 

5 

758    M 

22.588 

1.906 

I 

+  46.1 

—  4.2 

1 

—  64.9 

—  4-5 

I 

759    M 

22.597 

1. 915 

6 

+  47-7 

—  2.6 

7 

—  49.3 

+  11.1 

6 

773     M 

28.619 

7-937 

2 

—  80.8 

+  2.2 

2 

+  58.7 

+   3.9 

2 

774     M 

28.624 

7.942 

4 

—  77.2 

4-    5-0 

4 

+  52.5 

—  2.3 

4 

782     H 

.30.594 

9.912 

S 

-64.4 

+    7.6 

7 

+  45.3 

+   4.3 

6 

783     H 

30.603 

9.921 

5 

-64.2 

+    7.8 

5 

+  43.5 

+   2.5 

5 

845  :  C 

July       1 1. 613 

0.394 

9 

+  .33.1 

—   6.1 

10 

—  48.0 

+    3.5 

9 

846     C 

11.625 

0.406 

7 

+  38.1 

—    1.1 

6 

—  62.2 

—  10.7 

6 

853     H 

13-594 

2.375 

7 

+  62.0 

+   8.3 

7 

—  69.9 

-  6.7 

4 

854     H 

13.608 

2.389 

5 

+  63.2 

+   9.5 

5 

-65.4 

—  2.2 

5 

863,  H 

14.593 

3.374 

6 

+  37-7 

—  20.3 

6 

—  73.2 

—   5.7 

6 

864    H 

14.606 

3.387 

8 

+  .53-2 

-   4.8 

8 

—  69.8 

—    3-2 

8 

873    H 

17.638 

6.419 

14 

-69.5 

—   3.0 

14 

+  61.0 

+   3-9 

14 

884    H 

T8.588 

7.369 

10 

—  80.9 

+    4.3 

10 

+  76.1 

+    4-1 

10 

887    C 

18.648 

7.429 

4 

—  93.9 

—   ^-7 

4 

+  .=;6.5 

—  15.5 

4 

926    H 

31.577 

20.359 

3 

+  31.6 

—   2.9 

3 

-48.4 

—   0.7 

3 

927  ,  H 

31.636 

20.417 

3 

+  35-1 

+    0.6 

3 

—  43.9 

+   3.8 

3 

936    C 

Aug.       1.600 

0.845 

7 

+  43.1 

+   0.6 

7 

-48.7 

+   5.6 

7 

939    C 

2.5'3I 

1.836 

8 

+  42.8 

—   7.0 

7 

—  60.5 

—   0.3 

7 

9-10     H 

2.501 

1.846 

II 

+  60.0 

+  10.2 

II 

—  52.3 

+    7.9 

11 

041     H 

2.623 

1.868 

9 

+  58.9 

+    9.1 

9 

-63.7 

—  3.5 

9 

949     H 

4.580 

3.825 

8 

+  70.5 

+  13.5 

9 

—  58.8 

+    8.9 

s 

950     H 

4.588 

3.8.33 

5 

+  66.5 

+   9.5 

5 

—  66.9 

+   0.8 

5 

9SI     H 

4.597 

3-842 

7 

+  67.2 

+  10.2 

8 

-64.8 

+   2.9 

7 

952    H 

4.603 

3.848 

8 

+  58.7 

+    1.7 

8 

—  72-7 

—   5.0 

8 

959    H 

11.584 

10.829 

4 

—  47.5 

+   0.2 

5 

+  29.4 

+   2.6 

4 

999    H 

21.565 

0.273 

5 

+  32.2 

-  6.5 

6 

—  .53-8 

—    2.8 

5 

1000    H 

21.586 

0.294 

5 

+  45.0 

+   6.3 

6 

—  47.5 

+    3.5 

5 

1009 

c 

22.623 

1. 331 

3 

+  40.1 

—   5-1 

4 

-62.7 

-   6.7 

3 

lOIO 

c 

22.647 

I -.355 

6 

+  50.0 

+   4.8 

6 

-.52.6 

+   3.4 

6 

"1015  '.  C 

23.565 

2-273 

10 

+  51.6 

—    1.8 

10 

—67.6 

-  4.6 

10 

1016  i  H 

23.590 

2.298 

9 

+  60.9 

+   7.5 

9 

—65.8 

—  2.8 

9 

1017 

H 

23.619 

2.327 

II 

+  52. 6 

-  0.8 

11 

-61.7 

+   1.3 

II 
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UXIVERSITY  OF  MICHIGAN 
TABLE  IV.    VELOCITIES. 

A XX    ARBOR    ORSERVATIONS — CONT'd. 


PLA. 

OBS. 

PATK 
(-,.  .M.  T. 

PHASE. 

COMPONENT 

I 

COMPONENT  2 

NO. 

N 

V 

o-c 

.X 

V 

O-C 

WT. 

(I)     (2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(n) 

1030    H 

1912 

Aug.    27.567 

6.275 

6 

—  55-0 

+    5.2 

6 

+  48.2 

—  2.1 

. 

1031    H 

27.600 

6.308 

■      7 

-58  2 

+     2.0 

7 

+  46.4 

—   3-9 

7 

2272     H 

1Q13 
Aug.      29.597 

3.650 

17 

+  31 -I 

—   6.1 

18 

—  64.0 

+   2.0 

17 

2273     H 

29.657 

3.710 

II 

+  60.5 

+    3-3 

12 

—  66.1 

—   0.1 

II 

2274  1  H 

29.662 

3.715 

II 

+  58.4 

+     1-2 

10 

-64.3 

+    1-7 

10 

2278 

H 

30.613 

4.666 

16 

+  44.3 

+     0.3 

16 

—  54-5 

+    0.5 

16 

32/9 

H 

30.639 

4.692 

14 

+  .30.1 

+  6.6 

15 

—  61 .9 

-   6.9 

14 

2280    H 

30.663 

4.716 

18 

+  47.7 

+    4-7 

19 

—58.5 

—   4.0 

18 

2281  !  H 

30.675 

4.728 

14 

+  38.8 

—   3-7 

14 

—  49.0 

+    5-0 

14 

22821  H 

30.688 

4.741 

8 

+  31-9 

—  10. 1 

6 

—  4I-0 

+  12.0 

7 

Normal  Places.  The  data  derived  from  plates 
showing  the  Hues  measurably  separated  will  be 
discussed  first.  The  observations  were  combined 
into  si.xteen  normal  places  with  phase  as  the  basis 
of  grouping.  Care  was  taken  that  the  limits  of 
phase  for  each  place  be  small  enough  for  the  ve- 
locity curves  to  be  essentially  straight  over  that 
interval.  However,  the  correction  for  curvature 
was  applied  even  though  very  small.  The  weight 
assigned  was  based  on  the  nvmiber  of  measurable 
lines  on  all  of  the  plates  used  in  making  up  the 
normal  place.  The  phases  given  in  column  (2) 
of  Table  \l  are  based  on  the  final  period  and 
have  been  reduced  to  the  sun.  The  values  given 
in  column  (3)  are  the  limits  of  phase  within  which 
all  of  the  plates  of  that  normal  place  fall.  The 
velocities  of  the  two  components  are  given ;  also, 
the  errors  in  the  sense,  observed  minus  computed, 
the  final  elements  being  used  in  determining  the 
computed  velocities. 

The  normal  velocities,  given  in  Table  \T,  are 
shown  by  the  small  circles  as  plotted  in  Plate 
\"IT. 

Component  i.  From  the  data  of  Table  VI,  a 
velocity  curve  was  plotted  and  the  following  set 
of  preliminary  elements  found. 


PRELIMINARY  ELEMENTS    (COMPONENT   l). 

P  =  20.53644  days, 

M  =  1 7° -5298, 

r  =  S.83  days  from 

1912,  March  10.000, 
6=0.5224, 
w  =  103°  l8'.2, 
AT  :=  72.S5  km., 
rv  =  — 13.35  km., 
7  =  — -4.1  km. 


An  ephemeris  having  been  computed  and  from 
it  the  residuals  obtained,  a  least  square  solution 
was  undertaken.  The  usual  method  of  treatment 
gave  the  following 


NORMAL  EQUATIONS. 

s.ior  +  1.536K—0.485T  — 0.185c -1-0.659T  +  5.332  =  0, 

+  6.I0I/C  —  o.297ir  —  o.o96e  —  0.109T  + 8.715  =  0, 
+  1.999^  — 0.0536 -I-0.833T  — 5.362  =  0, 

+  O.894E-I-O.O37T —  1.020  =  0, 
4- 0.5 1  It  —  2.126  =  0. 


I'llM.K'A'l'K  )\'S  OF  'mi",  OI'.SI'.RVATORY 
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ANN    .\RI10R   OnSICRVATIONS. 


[■LATK 

OBS. 

HA  TIC 

C.  M.T. 

PHASE. 

SINGLE   LINKS. 

NO. 

N 

V 

RESIDUALS. 

WT. 

(I) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

I9I2 

377 

C 

Mar.      22.827 

12.827 

16 

-  3-5 

+   3-8 

16 

378 

c 

22.S33 

12.833 

21 

—  3.5 

+    3-8 

21 

452 

H 

Apr.      15.724 

16.188 

21 

-  8.4 

—    I.I 

21 

453 

H 

15-733 

16.197 

23 

—   5-9 

+    1-4 

23 

495 

II 

May        2.655 

12.582 

26 

—   3-0 

+   4-3 

26 

4q6 

I{ 

2.651 

12.588 

23 

—   8.1 

-   0.8 

23 

51-2 

M 

7.681 

17.608 

17 

+    2.7 

+  10. 0 

'7 

513 

M 

7.687 

17-614 

11 

—   5-9 

+    1-4 

1 1 

517 

H 

8.669 

18.596 

24 

.    —   2.6 

+    4.7 

24 

518 

H 

8.678 

18.605 

19 

—  13-4 

—   6.1 

19 

573 

H 

22.666 

12.057 

23 

—    9-1 

—    1.8 

23 

574 

H 

22.676 

12.067 

27 

-16.7 

—   9-4 

27 

580 

M    , 

24.680 

14.071 

24 

—  12-5 

—    5-2 

24 

581 

M 

24.686 

14.077 

22 

—  II. 2 

—   3-9 

22 

595 

M 

25-742 

15-133 

16 

-    1.4 

+    5-9 

16 

596 

M 

25-749 

15.140 

25 

—  S-S 

+    i.S 

25 

602 

C 

27.642 

17-033 

23 

-  8.5 

—    1 .2 

23 

603 

C 

27-652 

17.043 

23 

—   7-9 

—   0.6 

23 

734 

H 

June      12.646 

12.500 

15 

--   4-4 

+    2.9 

'5 

735 

H 

12.653 

12.507 

17 

—    5-9 

+    1-4 

17 

763 

iM 

25-588 

^.906 

5 

—   8.8 

—    1-5 

5 

807 

H 

July         3.649 

12.967 

18 

—  10.3 

—   3-0 

18 

808 

H 

3-677 

12-995 

22 

—    1.8 

+    5-5 

22 

811 

M 

6-653 

1S-971 

19 

—  13-3 

—   6.0 

19 

812 

M 

6.675 

15-993 

17 

—  14-5 

—    7-2 

17 

825 

M 

9.625 

18.943 

6 

—   2.6 

+   4-7 

6 

826 

M 

9-635 

18.953 

5 

—   4-5 

+   2.8 

5 

902 

H 

25.598 

14-379 

6 

-   3-6 

+    3-7 

6 

9"3 

H 

25.628 

14.409 

1 1 

—  12.7 

—   5.4 

II 

oil 

M 

27.610 

16.301 

16 

—   6.2 

+    i-i 

16 

9.2 

M 

27.622 

16.403 

16 

—   6.1 

+    1.2 

16 

918 

C 

29.624 

18.405 

7 

—   6.0 

+    1-3 

7 

919 

C 

29-638 

18.410 

8 

—   3-9 

+    3-4 

8 

972 

H 

Aug.      14.580 

13-825 

13 

—   3-3 

+    4-0 

13 

573 

H 

14.603 

13-848 

14 

-13-6 

-   6.3 

14 

1020 

H 

26.580 

5 -288 

7 

—    7-9 

—   0.6 

7 

1021 

H 

26.611 

5-319 

7 

—   2.3 

+    5-0 

7 

1022 

H 

26.647 

5-355 

6 

'■ 

+    6.8 

6 
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These  equations  gave  the  following  values  of 
the  unknowns : 

T^+    1.048, 

e  =:  +  I .  oog. 

IT  =   +   2.004, 

K  =  —  I  .  202. 

r  = +  0.372. 


CORRECTED   ELEMENTS    (COMPONENT    l). 

if  =  7 1. 648  km., 
w  =  loi^  43'.6, 
e  =  0.51-84, 
7  =  5.84258  (hys   from 

1912.  March   10.000, 
7  =^  —  6.221  km. 


That  these  results  are  correct  was  shown  by  the 
small  residuals  obtained  when  the  values  of  the 
unknowns  were  substituted  in  the  normal  equa- 
tions. The  largest  of  the  residuals  was  0.005  ^-'id 
the  average  of  the  five  was  0.003. 

The  normal  equations  having  been  satisfied,  the 
corrections  to  the  elements  and  the  corrected 
elements  were  found  to  be : 

CORRE-TIONS. 

SK  =  —  1.202  km., 

8w=  — i°34'.6, 

Se  =  —  0.00456, 
sr  =  +  0.01258  days, 

Sy  =:  —  1 .61 1  km. 


The  residuals  as  found  from  the  normal  equa- 
tions and  from  the  ephemeris  as  computed  from 
these  corrected  elements  were  in  satisfactory 
agreement.  In  no  case  was  the  difference  larger 
than  0.08  km.,  while  the  average  value  was  slight- 
ly less  than  0.04  km.  From  this,  it  was  evident 
that  the  second  order  terms  neglected  in  the  least 
square  formulae  were  negligible  and  hence  a  sec- 
ond least  square  solution  was  unnecessary. 

As  in  the  preceding  cases,  the  formula  for 
(7  sin  i  was  applied.    The  value  follows  : 

a  sin  I  =  i7,,3lo.oookm. 

When  Component  2  had  been  carried  through 
to  this  [loint,  it  was  possible  to  find  the  mass  of 


TABLE  VI.    NORMAL  PLACES. 

ANX    .\RBOR  onSKR\  ATIONS. 


pn.ssE. 

LIMIT.-; 

or  PH.\SE. 

\VT. 

CO.MPONENT  I 

COMPONENT  2 

NO. 

VELOCITY. 

o-c. 

VELOCITY. 

o-c. 

(I) 

!        (2) 

3) 

(4) 

(5) 

(6) 

(7) 

(8) 

I 

6.3S0 

6.26 

to 

6.47 

0.75 

—  63.40 

+  1.05 

+  53.61 

—  0.97 

2 

6.784 

6.63 

to 

6.98 

0.65 

—  80.06 

—  0.73 

+  70.33 

+  1.72 

3 

7-440 

-■3(^ 

to 

7-47 

0.66 

-88. 03 

—  2.68 

+  71.84 

+  0.99 

■4 

8.327 

7-')i 

to 

8.46 

0.60 

—  74-41 

+  3-84 

+  56.43 

-3-3S 

- 

9-545 

0.06 

tn 

9.93 

0.3S 

—  63-58 

—  0.66 

+  46.94 

+  4.68 

6 

10-570 

10.47 

to 

10.83 

0.20 

—  52.78 

—  2.24 

+  29.08 

—  0.37 

7 

11.479 

11.47 

to 

11.49 

0.04 

—  43.90 

—  3.35 

+  18.60 

—  0.94 

8 

20.050 

19.80 

to 

20.42 

0.08 

+  -'7-95 

—  3-79 

—  42.80 

+  2.66 

9 

20.853 

20 .  55 

to 

21.00 

0.62 

+  37-27 

—  0.86 

—  52.21 

—  1.43 

10 

21.539 

21.29 

to 

21.90 

0.43 

+  44-89 

+  1.32 

—  55.10 

+  0.14 

II 

22 . 400 

22.37 

to 

22.45 

0.43 

+  53.59 

+  3-45 

-56.85 

+  3-69 

12 

22.889 

22.  So 

to 

22.99 

0.67 

+  52-14 

—  1.35 

—  65.03 

-1.83 

13 

23-337 

23-32 

to 

23-35 

0.20 

+  55.41 

—  0.62 

—  64.72 

+  0.45 

14 

24.156 

23-91 

to 

24.26 

0.85 

+  54.43 

—  3.32 

-65.35 

+  0.94 

15 

24.427 

24.36 

to 

24.53 

0.54 

+  63.70 

+  7.01 

-68.43 

—  3-14 

16 

25-194 

24-91 

to 

25.28 

1. 00 

+  42.94 

—  0.99 

—  53.94 

+  0-15 

l'L"i;i,lC.\TI().\S  Ol"  Till-;  Ol'.SKRN'ATOKY 
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each  component  in  terms  of  i  and  the  mass  of  the 
sun.    For  Component  i  we  have 

i.8.?0 


Bringing  together  llic   data   wliich   have  been 
derived,  we  have  the  folhnving 

riN-Ai,  Ki.EMENTs  (component  i). 

/'  =  20.536^4  days, 

A»  — 17°. 5298. 

T  — 5.8-1258  ±  0.077 Ji    clays   from 

IQI2,  March  10.000, 
e  =0.51784  ±  0.00812, 
••>.—  ioi°43'.6±2°24'.g, 
K  =:  71.65  ±  0.60  km., 

7  r=  —  6.22  km., 

a  sin  i  ^  17,310,000  km., 
1.83O 


The  probable  errors  of  w  and  T  show  about  the 
same  degree  of  uncertainty  in  the  determination 
of  these  quantities  as  was  found  in  the  reduction 
of  Ludendorfif's  measures.  Tiiis  was  to  have  been 
expected  since  the  quantity  [re.  4]  ahnost  van- 
ished as  before. 

Points  to  be  noted  in  connection  with  this 
curve  and  the  corresponding  elements  are  the 
following : 

1.  The  sum  of  the  weighted  squares  of  the 
residuals  was  reduced  by  the  least  square  solu- 
tion from  90.86  to  62.04. 

2.  The  probable  error  of  a  normal  place  of 
weight  unity  was  found  to  be  ±  1.60  km. 

3.  The  residuals  recorded  in  column  (7)  of 
Table  I\'  were  scaled  from  the  velocity  curve 
which  was  plotted  from  an  ephemeris  based  on 
the  final  elements.  See  Plate  VII.  From  these 
residuals,  the  probable  error  of  an  average  plate 
was  found  to  be  ±  4.6  km.  and  that  of  the  best 
plates  of  the  series  was  found  to  be  ±  2.8  km. 

Component  2.  From  the  data  of  Table  \T,  a 
velocity  curve  was  plotted  and  the  following  set 
cf  preliminary  elements  found  for  Component  2. 


I'RKI.IMINARV   ELF.ME.N'TS    (COMPONENT  2) 

P  —20.53644  days, 
M  =  i7°..52</8. 
T:=5.88  days  from 

1912,  March  lo.ooo, 
6=0.5420, 
<■>  =  287°  I4'.6, 
K  =70.00  km., 
K,'  =  -f2.6okm.. 
y  =  ^S.62km. 

By  means  of  an  ephemeris  from  these  elements, 
the  residuals  were  found  for  use  in  a  least  square 
solution.  The  sixteen  equations  of  condition 
gave  the  following  normal  equations: 

NORM.'.L  i; jrATIOXS. 

S.ior —  1 .630K  -\-  0.681T  +  o..y^Of  — 0.5387  -f-  2.287  =  0, 

-(-  6. 13 u-  —  0.83 iir  —  o.028f  —  0.071T  -I-  3.942  —  o. 

+  i.959T-|-o.037e-|-o.746r—  1.458  =  0, 

+  0.864^  4-  0.054T  4-  o.  196  =  o, 

-Ho. 434'-— 1-102  =  0. 

A  solution  of  these  equations  gave  the  values 
of  the  unknowns : 

'■  =  -1-5 -672, 
«  =  — 0.587, 
T^  — 1.770, 
K  =  — 0.791, 
r  = -I- 0.1 13. 

The  usual  test  for  accuracy  in  the  computation 
was  applied  and  satisfactory  agreement  found, 
the  largest  residual  being  0.008  and  the  average 
of  the  five,  0.004.  The  corrections  and  the  cor- 
rected elements  follow : 

CORRECTIO.NS. 

SK  =  —  0.791  km., 

Jw  =.-|-  1°  27'.Q, 

Se  =  -|- 0.00268, 
ST  =  -\-  0.0661 1  days, 
87  =  —  0.732  km. 

CORRECTED   ELEMENTS    (COMPONENT  2). 

K  ^69.209  km., 
u  =  288°  42'.5, 
e  =0.54468, 
7  =  5.94611  days  from 

IQ12.  March  lo.ooo, 
7  =  —  9-352  km. 
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In  only  one  case  did  the  difference  between 
the  residuals  as  given  by  the  normal  equations 
and  b>-  the  ephemeris  exceed  o.i  km.  and  the 
value  in  that  case  was  only  0.12  km.  The  aver- 
age value  of  the  sixteen  differences  was  less  than 
0.04.  A  second  least  square  solution  was  con- 
sidered unnecessary,  since  it  would  yield  no 
changes  of  importance. 

As  in  the  preceding  cases,  the  value  of  the 
quantity  a  sin  /  was  found. 

(7  sin  i  =  16,300.000  km. 

The  fomiuke  for  finding  the  masses  were  ap- 
plied with  the  following  results: 

i.8:,0 

Illy  = z — ■ 

sin  i 

1.70O 


A  comparison  of  the  two  masses  gives  the  fol- 
lowing value  for  tiieir  ratio : 


Ihin^in^'   to;;ethcr   the   datii   concerniui;-  Coni- 
por.ent  2,  we  ba\e  tl:e  fcllowin;T 

riX.M.    ELEMENTS    (COMPCNENT   2'). 

P  =  20.536-14  day<^, 

1"  =  i7°-52t;8, 

T  —  5. g46ii  ±  0.05825  (la}s  fruui 

1912,  March  lo.ooo, 
e  =0.54468  ±  0.00681, 
w  =288°42'.5  ±  1°  58'.6, 
K  =  69.21  ±  0.55  Um., 
7  =  — 9-3.=i2l<"i-, 
a  sin  i  ^  16,390,000  km., 
I-790 


In  connection  with  these  elements  and  the 
corresponding  velocity  curve,  the  following  points 
are  of  interest : 

r.  The  sum  of  the  weighted  squares  of  the 
residuals  was  reduced  from  41.41  to  40.92.  The 
amount  of  this  reduction  is  inconsiderable,  but 


the  fact  should  be  noted  that  the  sum  of  the 
weighted  squares  from  the  preliminary  elements 
was  less  than  the  final  sum  after  the  application 
of  the  method  of  least  squares  in  each  of  the  other 
cases,  indicating  that  the  preliminary  elements 
in  this  case  satisfied  the  observed  velocities  ex- 
ceptionally well. 

2.  The  probable  error  of  a  normal  place  of 
weight  unity  was  found  to  be  ±  1.30  km. 

3.  The  residuals  recorded  in  column  (10)  of 
Table  IV  were  scaled  from  the  final  velocity  curve 
as  plotted  from  the  corrected  elements.  See  Plate 
\  II.  From  these  residuals  the  probable  error  of 
the  average  plate  was  found  to  be  ±:  4.2  km., 
while  that  of  the  best  plates  of  the  series  was 
±  2.5  km. 

J'elocity  curves.  The  velocity  curves  shown  in 
Plate  VII  were  plotted  from  an  ephemeris  com- 
puted from  the  final  elements  for  each  of  the 
two  components  as  derived  from  the  Ann  Arbor 
measures.  Points  were  located  at  frequent  in- 
tervals throughout  the  entire  length  of  the  curves 
so  that  they  might  give  an  accurate  representa- 
tion of  the  velocities  in  all  parts  of  the  orbits. 
Beginning  at  the  left  border  of  Plate  VII,  the 
upper  curve  belongs  to  Component  i  and  the 
lower  curve  to  Component  2. 

Ratio  of  the  masses  and  the  center  of  mass  ve- 
locity. Since  there  was  an  apparent  lack  of 
agreement  between  the  values  determined  for 
each  of  these  quantities  and  since  Ludendorft' 
found  a  difference  in  the  values  as  determined  at 
dift'erent  epochs,  it  seemed  desirable  to  give  these 
elements  further  consideration.  A  formula  is 
easily  derived  which  gives  a  mathematical  rela- 
tion between  the  following  quantities: 

V\  =  a  velocit.v  for  component  i, 

V2  =  the  corresponding  velocity  for  component  2. 

7'  :=  an   assumed   value    for   the  center  of   mass 

velocity, 
A-y  =  correction    to    be    applied    to    the    assumed 
center  of  mass  velocity, 
7=7'  +  A7, 

»»i 

—  ^  I  -1-  -V,  defines  the  quantit\-,  .r. 

If  the  assumed  value  of  the  center  of  mass  ve- 
locity be  near  the  true  value  and  if  the  ratio  of 
the  masses  be  not  far  from  unity,  then  A  7  and  .r 
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are  both  small  quantities.  These  conditions  were 
hotli  satisfied  in  the  case  under  consideration.  The 
formula  follows  and  is  exact  except  for  the  omis- 
sion of  the  second  order  term,  y,  x  .  Ay  which 
may  be  nc;^lccted  without  appreciable  error. 

A7  -  Vi  ( l\  —  7')  .  -V  =  'A  (/'.  +  /■=)- 7'.* 

Ann  Arbor  velocities,  y'  havinij;  been  assumed 
as  — 7.50  km.,  each  pair  of  corresponding  veloci- 
ties when  substituted  in  the  equation  gave  an 
equation  of  condition,  liy  the  usual  process  these 
sixteen  equations  of  condition  were  reduced  to 
two  normal  equations  with  Ay  and  x  as  the  un- 
knowns. From  a  solution  of  the  normal  equa- 
tions, the  following  values  were  found : 

jr  =  +  0.032  ±  0.01 1. 

Ay  =  -|-i.^4    ±o.,^5!<ni. 

From  which  were  obtained  the  ratio  of  the 
masses  and  the  center  of  mass  velocity : 

7=  —  6.06    rt  0.35  km., 


The  equation  given  above  is  not  symmetrical  in 
r,  and  ]'..  as  is  evident  from  the  left  member. 
The  analogous  equation  was  derived  and  applied, 
giving  results  in  agreement  with  the  values  just 
found. 

At  this  point,  it  should  be  noted  that  this  value 
of  y  is  less  than  i  km.  different  from  the  mean 
of  the  velocities  obtained  from  nearly  a  hundred 
spectrograms  of  £,.,  Ursae  Majoris,  as  measured 
and  reduced  by  the  writer. 

Potsdam  velocities.  A  like  solution  was  made 
using  the  normal  velocities  derived  from  the 
Ludendorff  measures.  The  following  results  were 
obtained  which  are  in  close  agreement  with  Lu- 
dendorff's  determination  of  these  same  quantities 
as  previously  given  in  this  paper: 

y  —  —  12.55  ±o.58kni., 

I'll 

—  =  1 .001  ±  o  021. 


*  Publications  of  the  Allcglicny  Obscrzalory,  \ol.   i, 
.\'o.  22,  page  175. 


Tiiis  value  of  —  and  its  probable  error  throw 
III. 

some  light  on  the  fact  that  LudendorfT  found 
from  a  i)art  of  his  observations  that  the  relative 
order  of  magnitude  of  this  pair  seemed  to  be  re- 
versed. 

.■\t  this  point  it  should  be  noted  that  there 
is  less  than  o.  r  km.  difference  between  this  value 
of  y  and  the  mean  of  the  velocities  obtained  by 
Ludendorff  for  ^o  Ursas  Majoris. 

Measures  of  plates  shoxi'ing  single  lines.  These 
plates  were  measured  and  reduced  with  the  same 
care  as  the  plates  showing  the  lines  measurably 
separated.  There  were  thirty-eight  such  spectro- 
grams. In  cases  of  this  kind  the  measurement  is 
that  of  the  blends  of  the  two  .sets  of  spectral 
lines.  In  case  one  spectrum  had  been  decidedly 
stronger  than  the  other,  the  fact  should  have  re- 
vealed itself  by  an  inclination  of  the  line  connect- 
ing the  normal  places  formed  from  these  veloci- 
ties. Xo  such  inclination  is  evident,  indicating 
that  the  spectra  are  of  practically  the  same  inten- 
sity. The  apparent  difference  in  the  relative  in- 
tensity of  the  spectral  lines  of  the  two  components 
as  noted  bj'  Miss  Maury  in  the  Astrophysical 
Journal,  \'o\.  8,  page  174,  was  not  observed  in  the 
measurement  of  the  spectrograms  made  at  this 
Observatory.  The  plates  secured  for  the  cross 
point  at  the  steepest  part  of  the  curves  were  too 
few  to  give  a  good  determination.  However,  the 
weights  assigned  to  each  of  the  other  four  normal 
places  show  the  determinations  to  be  of  consider- 
able importance  in  that  they  should  give,  theoreti- 
cally, the  center  of  mass  velocity.  The  weighted 
mean  of  the  last  four  normal  places  is  — 7.26  km. 

The  measures  from  the  single  line  plates  as 
combined  into  normal  places  are  given  below.  The 
table  shows  the  phase,  limits  of  phase,  weight, 
velocity  and  residual.  These  normal  velocities  are 
shown  by  the  small  dotted  circles  in  Plate  ATI. 

SUMMARY  OF   RESULTS 

That  a  comparison  of  the  elements  may  be 
made  and  the  differences  which  occur  may  be 
clearly  evident,  the  data  concerning  each  com- 
ponent as  found  from  both  sets  of  measures  are 
brought  together.  Rather  unexpected  differences 
in  the  values  of  some  of  the  elements  are  found. 
These  apparent  discrepancies  will  be  discussed 
later. 
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TABLE  VII.    VELOCITIES. 

(FRo.M    mf:asur::s  of   si.n'Cle  lines.) 

\NX     AKRi'R    OrSKRVATIONS 


PHASE. 

LIMITS  Ul"  PHASE. 

wr. 

SINGLE 

LINES. 

N(l. 

VELOCITY. 

RESIDUAL. 

(I) 

(2) 

(3) 

(4) 

(5) 

(6) 

1 

1        5-.S23 

4.90  to     5.36 

10 

—  4-02 

+  2.34 

2 

12.564 

12.05  to  13.00 

82 

—  6.99 

+  0.27 

3 

14.38S 

13.82  to  15.14 

S2 

—  8.56 

—  1.30 

4 

16.458 

15.97  to  17.05 

58 

—  8.56 

—  1.30 

5 

18.458 

17.60  t-J  IS.95 

33 

-5.48 

1 

+  1.78 

CORRECTED   ELEMENTS   OF  COMPONENT    I. 
LUDENDOEFF.  HADLEV. 

F  =  20. 53644  days,  20 .  53644  days, 

ft  =  17°. 5298,  17°. 5298, 

T  =  5.6058  ±  0.0700  days,*  5.8426  ±0.0772  days,* 
e  =  0.5315  ±  0.0102,  0.5178  ±  0.0081, 


ioi°43'.6±2"24'.9. 
71.65  ±  0.60  km., 
—  6.22  km., 
17,310,000  km., 
1.83O 


w  ^  103°  52'.2  ■±  2°  47'.9, 

K  =  66.05  ±  0.77  km., 

7  =  —  11.67  km., 

a  sin  I  =  15,800,000  km., 

I.5-0 

}n,  = ■ 

sin'  i 

*  From   191 2,  March  10.000. 


CORRECTED   ELEMENTS   OF   COMPONENT  2. 

P  =  20 .  535_iJ.  days,  20 .  53644  days, 

M  =  17°.. 5208,  17" -5298, 

T  =  5.4515  ±  0.C835  days,*5.946i  ±  0.0582  days,* 

e  =0.5533  ±0.0124,     0.5447  ±0.0068  days. 


u=276°55'-8±2-'i7'.5 

K  =67.76  ±  o.Q8km.. 

7  =  —  Il.g6km.. 

a  sin  i  ^  15,940,000  km., 

1.46O 
'"2  -    1 — > 

sin  i 

»h 

—  =  1.079. 

HI, 

*  From  igi2,  March  10.000. 


28S°42'.5±  i°58'.6, 
69.21  ±  0.56  km., 
—  9.35  km., 
16,390,000  knL, 

i-r9G 


.\  comparison  of  the  four  sets  of  elements  is 
lioth  interesting  and  instructive.  The  differences 
between  the  value?  of  certain  of  the  quantities  is 
greater  than  the  probable  errors  would  lead  one 


to  expect.  It  seemed  advisable  to  derive  the  ele- 
ments in  this  way  so  that  such  differences  as  do 
occur  may  be  clearly  evident.  These  diiTerences 
in  no  way  discount  the  accuracy  of  the  elements 
of  such  an  orbit  in  so  far  as  they  are  to  represent 
the  observations,  but  they  do  raise  the  question 
as  to  whether  the  observations  give  the  exact  con- 
ditions of  motion  as  they  exist  in  the  binary  sys- 
tem. However,  as  has  been  pointed  out,  the 
measures  in  this  case  were  difficult. 

The  discrepancies  between  the  four  sets  of  ele- 
ments, which  have  been  tabulated,  may  be  divided 
into  two  classes :  those  between  the  elements  for 
the  two  components  at  the  same  epoch  and  those 
between  the  elements  of  the  same  component  at 
different  epochs. 

Relatively  large  differences  of  both  kinds  were 
to  be  expected  in  the  case  of  this  star  on  account 
of  the  limitations  imposed  by  the  character  of  the 
spectra  and  by  the  existence  of  two  components 
for  each  line  when  relative  motion  was  sufficient- 
ly great  to  produce  separation.  Vogel  has  called 
attention  to  the  poor  quality  of  the  lines  from 
the  standpoint  of  measurability.  However,  his 
conclusions  are  not  surprising.  In  general,  when 
resolved,  each  line  of  the  star's  spectrum  falls 
upon  the  continuous  spectrum  of  the  other  star 
and  thus  cannot  present  a  clearly  defined  inter- 
ruption. In  other  cases,  a  line  of  one  spectrum 
might  also  coincide  with  a  very  faint  line  of  the 
other  spectrum  and  thus  render  the  measure  de- 
fective. Further,  during  about  half  of  each 
orbital  cycle  the  relative  motion  of  the  two  com- 
ponents was  too  small  to  cause  complete  separa- 
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tion  of  the  lines,  hence  the  measures  under  tliose 
conditions  were  of  uncertain  vahic.  From  a  con- 
sideration of  these  facts  it  becomes  very  evident 
that  the  available  data  for  the  determination  of 
elements  is  imavoidably  limited  in  this  case. 

In  a  system  of  this  character,  with  high  orbital 
eccentricity  and  relatively  close  approach  of  the 
two  bodies  at  periastron,  there  would  be  strong 
probability  that  librations  and  tidal  disturbances 
would  arise  to  such  an  extent  that  they  would 
produce  irregularities  in  the  velocity  curves. 
These  irregularities  in  the  xelocity  curves  would 
in  turn  give  rise  to  spurious  differences  in  the 
elements  of  the  two  orbits.  Irregularities,  which 
are  probably  of  this  nature,  have  been  observed  in 
highly  eccentric  orbits  witii  relatively  short 
periods,  such  as  6  Aquike  and  i'  Orionis.  The 
great  variation  in  the  rate  of  anomalistic  niotioi; 
as  the  bodies  pass  from  apastron  to  periastron  in 
very  eccentric  orbits  suggests  at  once  a  cau.se  for 
at  least  a  part  of  the  apparent  lack  of  consistency 
in  the  results. 

An  examination  of  the  original  papers  discuss- 
ing binaries  with  highly  eccentric  orbits  shows 
clearly  that  the  difficulties  which  have  been  en- 
countered in  the  study  of  this  star  are  not  peculiar 
to  it  alone.  The  writer  has  examined  with  some 
care  the  papers  dealing  with  thirty-three  orbits 
whose  eccentricities  exceed  0.3,  the  average  value 
being  0.498.  While  it  is  difficult,  if  not  impos- 
sible, to  determine  what  precision  may  be  ex- 
pected in  such  work,  it  is  the  opinion  of  the  writer 
that  not  less  than  two-thirds  of  the  cas^s  exam- 
ined show  some  peculiarity.  In  six  cases  sec- 
ondary oscillations  had  been  assumed  in  order  to 
reduce  the  differences  between  observed  and  com- 
puted velocities.  In  many  other  cases  a  like 
treatment  would  undoubtedly  have  reduced  the 
residuals.  At  least  half  of  the  cases  examined 
show  more  or  less  marked  indications  of  a  sec- 
ondary oscillation.  Other  cases  showed  unex- 
pectedly large  residuals.  It  seems  more  reason- 
able to  attribute  these  irregularities  in  the  ob- 
served velocities  either  directly  or  indirectly  to 
the  high  eccentricity  than  it  does  to  assume  the 
presence  of  a  small  third  body.  There  is  no  rea- 
son to  believe  that  the  presence  of  a  small  third 
body  tends  to  produce  a  highly  eccentric  orbit. 
X'isual  observations  have  rarely  revealed  three- 


.')ody  systems,  indicating  that  thej  are  few  in 
number.  It  seems  to  be  a  reasonable  supposition 
that  the  same  is  true  of  systems  less  widely  s.p- 
arated  wiiich  can  be  revealed  only  by  spectio 
.scopic  methods  of  observing.  Hence,  it  .seems 
more  to  the  point  to  attribute  slight  departures 
from  elli])tic  motion  to  tidal  disturbances  present 
in  bigiily  eccentric  orbits. 

In  tiiis  connection,  attention  should  be  calkd 
to  two  sets  of  elements  as  derived  from  6  .\(|nil:e 
by  liaker  and  Harper.  A  discussion  of  the  ele- 
ihents  of  the  orbit  of  this  binary  is  to  be  found  in 
the  I'uhlications  of  the  Royal  Astronomical  So- 
ciety of  Canada,  \'ol.  HI,  page  95.  The  differ- 
ence in  time  for  the  two  sets  of  observations  is 
too  small  for  the  elements  to  have  suffered  ap- 
preciable change.  The  lack  of  agreement  between 
the  values  as  determined  for  certain  elements  is 
of  the  same  order  as  has  been  found  in  the  study 
of  f,  Ursje  Majoris.  In  both  cases  the  probable 
errors  indicate  that  the  elements  as  derived  satisfy 
the  observations  well,  but  the  differences  between 
the  two  sets  of  elements  for  the  same  star  seem 
to  show  that  the  actual  conditions  of  motion  in 
the  orbit  are  not  obtained  with  as  great  precision 
as  the  probable  errors  of  a  single  set  of  elements 
indicate. 

A  careful  examination  of  the  two  plates  show- 
ing the  velocity  curves  for  fi  Ursae. Majoris  re- 
veals irregularities  which  can  hardly  be  attributed 
to  accidental  errors.  The  many  cases  in  which 
the  observed  velocities  for  the  two  sets  of  meas- 
ures at  approximately  the  same  phase  are  either 
both  larger  or  both  smaller  than  the  correspond- 
ing computed  velocities  is  striking.  The  frequency 
.with  which  this  occurs  is  convincing  evidence  of 
its  reality  even  though  the  real  cause  can  not  be 
definitely  stated. 

Apparently  real  irregularities  existing  in  the 
velocity  curves  of  stars  of  certain  classes  may 
place  a  limit  on  the  accuracy  of  our  determination 
of  their  orbital  elements.  The  discrepancies  ob- 
served in  this  paper  furnish  some  evidence  as  to 
the  uncertainty  which  may  come  from  such  irreg- 
ularities and  in  that  connection  are  highly  in- 
structive. 

An  effort  was  made  to  combine  the  four  sets 
of  elements,  first,  using  the  elements  from  the 
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two  components  at  the  same  epoch,  and  then 
using  these  elements  in  securing  the  final  values. 

Elements  from  the  Potsdam  Observations.  In 
bringing  together  the  values  of  the  elements  as 
derived  from  the  two  components  and  also  from 
the  two  sets  of  observations,  weights  will  be  as- 
signed which  are  inversely  proportional  to  the 
squares  of  the  probable  errors  of  the  different 
determinations. 

Nothing  further  need  be  said  concerning  the 
values  of  P  and  fx. 

Evidently,  the  two  values  of  7'  cannot  be  difl:'er- 
ent  since  the  two  stars  of  the  system  must  both 
have  the  same  time  for  periastron  passage ;  hence, 
the  weighted  mean  will  be  taken  as  the  best  value 
for  this  quantity. 

In  connection  with  the  value  of  c,  it  is  of  in- 
terest to  note  that  the  eccentricity  of  the  orbit  of 
Component  2  is  the  larger  for  both  sets  of  meas- 
ures. The  weighted  mean  will  be  accepted  as  the 
best  determination  of  this  quantity  since  the  two 
orbits  cannot  differ  in  this  respect. 

The  two  values  of  w  should  differ  by  iSo".  The 
best  value  of  w  for  Component  i  is  probably 
given  by  taking  the  weighted  mean  of  the  two 
after  180°  has  been  subtracted  from  the  value  of 
<■)  for  Component  2. 

The  values  of  K  for  the  two  components  are 
not  very  different.    Only  a  small  difference  would 

be  expected  for  a  system  in  which  —   is  nearly 

uu 

equal  to  unity,  as  it  is  in  this  case. 

Values  for  the  ratio  of  the  masses  and  for  the 
center  of  mass  velocity  were  obtained  from  the 
least  square  solution  along  with  the  other  ele- 
ments. The  values  of  these  two  quantities  alone 
were  determined  from  other  considerations  by  a 
least  square  solution.  The  means  of  these  values 
will  be  taken  as  the  most  probable  values  of  y 

and  — • 

Tl.e  Iv.o  values  for  ((  sin  /  should  not  lie  the 
same  unless  the  ratio  of  the  masses  be  unity, 
which  it  is  not.  However,  the  difference  should 
be  small  in  the  case  of  this  star. 


Elements  from  Ann  Arbor  Observations.  The 
treatment  will  be  like  that  of  the  Potsdam  obser- 
vations, the  one  exception  being  in  connection 
with  the  center  of  mass  velocity.  A  determina- 
tion of  the  velocity  of  the  center  of  mass  was 
obtained  from  the  plates  showing  single  lines  as 
has  been  mentioned  already.  The  precision  of 
this  method  is  less  than  that  of  the  other  methods, 
hence,  the  weight  assigned  to  the  result  will  be 
only  half  as  great  as  that  of  the  other  determina- 
tions. 

It  should  be  noted  at  this  point  that  the  value 
of  (I  sin  /  is  larger  for  Component  i  than  for  Com- 
ponent 2,  whereas  »(i  is  greater  than  m„.  The  ex- 
planation is  to  be  found  in  the  fact  that  the  two 
velocity  curves  as  plotted  from  the  normal  veloci- 
ties gave  different  values  for  the  eccentricity.  In 
the  case  of  the  Potsdam  elements,  the  value  of 
((  sin  /■  for  Component  2  is  the  larger;  however,  it 
is  only  slightly  larger,  the  dift'erence  being  less 

than  the  value  of  —    would  lead  one  to  expect. 
m„ 

The  elements  of  the  two  components  for  each 

set  of  observations  having  been  combined  in  the 

manner  set  forth,  the  following  sets  of  elements 

are  given  as  the  result  of  that  process : 

POTSDAM  OBSERVATIONS. 
P  =  20.53644  days, 
/i  =  17°.  5298, 

T  =  5-5356  ±  0.0546  days,* 
e  =  o.  54058  ±  0.00805, 
•o  =99°  39' -3=!=  i°5o'.g, 

A'l  =66.05  ±0.77  km., 

K2  =;  67.76  --S  o.rS  km., 
7  = —  12.06  km., 

sin'  ( 

sin''  I 

1)1 , 

—  =  1.038. 


fli  sin  I  =r  15,800,000  km. 

a,  sin  I  =r  15.940,000  km. 

From  1912,  March  10.000  G.  M.  T. 


I'li'.i.K'ATioxs  oi"  'rill-:  ( )l■,sl■.k\•.\T()R^■ 


ANN  ARBOR  OBSERVATIONS. 

P  —  20.5.5644  (lays, 
M  =  17°. 5298, 

T  =  5.9088  ±  0.0483  days,* 
e  =  0.53248  ±  0.00530, 
"  =  i05°35'-9±  i°33'-8. 

Ki  =  71.65  ±  0.69km., 

K,  =69.21  ±  0.56  km., 
7  =  — ^7.22  km.. 

sin'  I 

1.79O 

'"i  ^ : —  , 

sin'  I 

—  =  1.027, 
111  J 

dx  sin  i  =  17,310.000  km.. 

a.  sin  1  =  i6„'?90.coo  km. 

*  I'Viini  i()i2.  March  lo.coo,  C  M.  T. 

CONCLUSIONS. 

I5_v  combining  the  two  sets  of  elements  in  the 
same  manner  as  were  the  elements  of  the  two 
components  for  one  set  of  observations,  we  obtain 
the  following  as  the  most  probable  values  and 
;innonnce  them  as  the  definitive  elements  of  ^, 
L'rs;e  .Majoris : 

DEFINITIVE  ELEMENTS. 

P  =20.53644  days, 

^  ^  i7°.52<)S, 

T  =  1912,  March.    15.7440  ±  0.0364  days, 
G.  M.  T., 

c  =0.53476  ±0.00482, 

w  =  103°  57'.5±  1°  i2',4, 
A'l  =  69.22  ±  0.52  km., 
A',  =  68.83  ±0.56  km., 

7  =  —  9.64  km., 

■  1.70Q 

sin'  I 

m  =1:^ 

sin^  i 


(J,  sin  I  =  16.4  million  km.. 
a.,  sin  1'  =  16.4  million  km. 


Tilt,  re  has  Ijcen  no  marked  change  in  the  spec- 
trum of  the  star  so  far  as  the  writer  was  able  to 
judge. 

The  small  difference  in  tiie  position  of  the  line 
of  nodes  is  not  thought  to  be  real.  It  is  probably 
to  be  attributed  to  the  peculiarities  of  the  velocity 
curve,  the  positions  of  the  normal  places,  and  to 
personal , equation. 

An  appreciable  change  in  the  eccentricity  is 
improbable  and  the  difference  for  the  two  com- 
ponents cannot  be  real  so  far  as  the  actual  orbits 
are  concerned. 

The  values  of  the  K's  for  the  two  sets  of  ob- 
servations are  in  fair  agreement.  Xo  real  change 
in  these  quantities  is  probable  in  so  brief  a  period 
of  years.  Personal  equation  and  choice  of  spec- 
tral lines  would  account  for  a  part,  if  not  all,  of 
the  difference.  The  half -amplitude  of  the  velocity 
curve  for  Component  i  is  slishlly  larii;er  than  it  is 
for  Component  2,  whereas  ;/(,  is  greater  than  111.^. 
This  is  due  to  peculiarities  of  the  curves  and  the 
close  approach  of  the  ratio  of  the  masses  to  unity. 

The  velocity  of  the  center  of  mass  of  ^1  Ursje 
^lajoris  and  the  mean  velocities  of  ^2  Ursae  Ma- 
joris as  determined  from  the  Potsdam  measures 
are  in  close  agreement.  The  same  is  true  of  the 
.\nn  xVrbor  observations.  It  follows  that  the  dif- 
ference between  the  Potsdam  and  Ann  Arbor 
values  of  y  for  ^^  Ursae  Majoris  is  approximately 
equal  to  the  difference  in  the  mean  velocity  of  Cz 
Urs£e  Majoris  as  determined  at  these  two  observa- 
tories. That  each  of  the  two  stars  should  have 
a  variable  center  of  mass  velocity  and  that  the 
changes  should  be  almost  the  same  in  magnitude 
and  of  the  same  sign  seems  to  be  an  unreasonable 
assumption.  Hence  the  writer  has  been  led  to 
the  conclusion  that  the  apparent  change  in  y  for 
^,  Ursa:  Majoris  is  not  real,  but  that  it  is  due  to 
systematic  differences  attributable  to  personal 
equation  and  other  causes.  The  difference  in  this 
quantity  noticed  by  Ludendorff  as  mentioned 
early  in  this  paper  may  be  explained  by  the  fact 
that  the  parts  of  the  spectrum  used  by  Luden- 
dorff in  the  two  groups  of  plates  were  not  iden- 
tical. 

The  masses  of  the  two  components  are  nearly 
equal,  but  a  summary  of  the  data  bearing  on  this 
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point  indicates  that  one  component  is  approxi- 
mately three  per  cent,  larger  than  the  other. 

The  determinations  of  a  sin  i  for  the  two  com- 
ponents are  somewhat  uncertain,  but  are  of  near- 
ly equal  value.  Probably  16.4  million  km.  for 
each  component  is  as  definite  as  the  data  warrant. 

The  positions  of  the  normal  places  as  shown 
in  connection  with  the  velocity  curves  plotted 
from  the  final  elements  indicate  the  presence  of  a 
disturbing  factor.  The  reality  of  these  irregu- 
larities is  shown  by  the  fact  that  in  many  cases  the 
residuals  for  the  normal  places  of  practically  the 
same  phase  for  the  two  components  are  of  the 
same  sign.  A  secondary  oscillation  suggests  it- 
self. However,  the  unavoidable  lack  of  data  in 
this  case  covering  nearly  half  of  the  length  of  the 
curves  makes  the  study  of  such  an  oscillation  very 
difficult.  The  examination  of  many  orbits  of  high 
eccentricity  has  led  the  writer  to  the  conclusion 
that  irregularities  are  the  rule  in  such  cases  rather 
than  the  exception,  and  that  they  are  attributable 
directly  or  indirectly  to  the  high  eccentricity. 

While  the  probable  errors  seem  to  show  the 
precision  with  which  the  derived  elements  rep- 
resent the  observed  velocities,  they  do  not  show 
the  precision  with  which  tlie  elements  represent 


the  actual  conditions  of  motion  of  the  star  in  its 
orbit. 

The  generally  accepted  theory  as  to  the  mutual 
increase  of  eccentricity  and  period  seems  to  be 
sustained  by  the  values  of  these  two  quantities 
as  found  in  connection  with  this  spectroscopic 
pair. 

If  the  views  as  expressed  by  \\'icksell  in  his 
paper  entitled  ''Contributions  to  the  Statistics  of 
Spectroscopic  Binary  Stars"  be  correct,  then  this 
star  would  seem  to  belong  to  the  class  consisting 
of  those  binaries  which  have  originated  through 
fission  rather  than  through  the  "capture  process". 
The  length  of  the  period  and  the  high  eccentricity 
indicate  that  the  existence  of  this  star  as  a  binary 
has  been  of  long  duration  even  though  the  spec- 
tral types  of  the  two  components  show  that  they 
have  not  progressed  very  far  in  their  evolution- 
ary course. 

The  writer  wishes  to  express  his  thanks  to 
Professor  Ralph  H.  Curtiss  whose  counsel,  di- 
rection, and  assistance  have  made  this  investiga- 
tion possible.  A  word  of  appreciation  is  due  Mr. 
Lewis  Mellor  of  this  Obser\-ator}-  for  assistance 
in  making  plates. 

Ann  Arbor.  Michigan,  May,  191 5. 
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AN  INVESTIGATION  OF  THE  SPECTRA  OF  STARS   BELONGING 
TO  CLASS  R  OF  THE  DRAPER  CLASSIFICATION' 

By  W.  CARL  RUFUS 


INTRODUCTIOX 

The  genesis  of  Class  R  of  the  Draper  Classili- 
cation  of  stellar  spectra  may  be  traced  from  a 
list  of  "Stars  Having  Peculiar  Spectra,"  published 
in  Han'ard  College  Observatory  Circular,  No.  9, 
July  9,  1896.  Following  the  table  is  the  state- 
ment :  "Of  the  seven  stars  whose  spectra  are 
here  announced  as  of  Type  IV  the  first,  second, 
and  seventh-  (fourth),  are  normal.  The  spectra 
of  others  contain  rays  of  much  shorter  wave- 
length than  ordinary  fourth  type  stars."  This  is 
a  characteristic  feature  of  the  sj)ectra  of  stars 
later  designated  as  Class  R  and  is  here  attributed 
to  four  stars.  DM.  —38'  12843,  +85'  332, 
—  12^  5755.  and  -f-  5 "5223.  Two  other  stars  of 
the  hst.  DM.  —31^  15954  and  —29-  15574. 
whose  spectra  were  described  as  peculiar,  but  not 
associated  with  the  four  previously  mentioned, 
have  also  been  assigned  to  this  class.  These  six 
stars  constitute  the  nucleus  of  Class  R. 

Later  announcements  of  stars  having  peculiar 
spectra  increased  the  number  possessing  the  com- 

'  A  dissertation  submitted  in  partial  fulfillment  of 
the  requirements  for  the  degree  of  Doctor  of  Philos- 
ophy in  the  University  of  Michigan. 

^In  a  letter  dated  February  11,  1915,  Professor  E.  C. 
Pickering  says :  "In  Harvard  Circular  9.  the  word 
'fourth'  should  be  substituted  for  'seventh'  in  the  pas- 
sage you  quote." 


mon  characteristics, "rays  of  shorter  wave-lengths 
than  the  ordinary  fourth  type  stars,"  and  "a 
strong  band  extending  from  aiiout  A46i/i/i  to 
A.  471  j«/i."  These  stars  were  fretjuently  referred 
to  as  belonging  to  "the  same  class  as  Z.C.  lo*"  21 12 
described  above",  or  "the  same  type  as  C.D.M. 
—  47  6614,  described  in  Circular,  Xo.  76."  A 
more  convenient  method  of  reference  seemed  to 
warrant  the  addition  of  a  new  class,  which  was 
suggested  by  Professor  Pickering  in  Harvard 
Circular,  Xo.  145,  "A  Sixth  Type  of  Stellar  Spec- 
tra," published  December  i,  1908.  A  table  of 
"Stars  Having  Spectra  of  Class  R,"  containing 
sixty-one  stars  is  given  in  Harvard  Annals,  Vol- 
ume 56,  page  220.  A  few  others  are  known.  In 
order  to  complete  the  list  to  date  Table  I  is  ap- 
pended. The  successive  columns  give  the  star  3 
designation,  right  ascension  and  declination  for 
1900,  Durchmusterung  magnitude.  Harvard  pho- 
tometric magnitude,  galactic  longitude  and  lati- 
tude, date  of  discovery,  name  of  discoverer,  and 
reference  concerning  announcement. 

PURPOSE   OF    THIS    INVESTIG.XTION 

I.  We  propose  to  study  the  relationship  be- 
tween the  spectra  of  stars  of  Class  R  and  stars 
of  Class  X. 

That  a  close  relationship  exists  is  evident  from 
the  fact  that  manv  Class  R  stars  were  announced 


TABLE  I.    STARS  WITH  SPECTRA  OF  CLASS  R  NOT  INCLUDED  IX  TABLE  XI.  PAGE  220,  VOL- 
UME 56,  ANXALS  OF  THE  HARVARD  COLLEGE  OBSERV.\TORV. 


R.  .\.  1900.        riLCL.  1900 
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as  having  a  spectrum  of  Type  I\  (N),  or  re- 
sembling Type  IV  with  pecuHarities  (Np).  Park- 
hurst  expresses  this  condition  by  stating,  "'No 
sharp  line  can  be  drawn  between  Classes  N  and 

2.  We  propose  also  to  study  the  relationship 
between  stars  of  Classes  R  and  N  on  the  one 
hand  and  stars  of  the  Harvard  sequence  (  B.  A, 
F,  G,  K,  I\I)  on  the  other. 

Concerning  stars  of  the  fourth  type  Miss 
Gierke  says:*  "They  have  indeed  traceable  rela- 
tionships; but  the  genealogy  obscurely  indicated 
by  them  needs  authentication."  \^ogel  in  1874 
proposed  that  Secchi's  Types  III  (Harvard  K, 
il)  and  IV  (Harvard  R?,  N)  be  considered  in 
one  class  and  designated  as  Ilia  and  Illb.  Hale, 
Ellemian,  and  Parkhurst  in  a  valuable  treatise  on 
"The  Spectra  of  Stars  of  Secchi's  Fourth  Type"^ 
reached  the  conclusion:  "Stars  of  the  third  and 
fourth  types  should  therefore  be  classed  together, 
as  coordinate  branches  leading  back  to  stars  like 
the  sun." 

Pickering,  in  the  letter  previously  referred  to, 
says:  "We  have  not  been  able  to  establish  the 
sequence  between  classes  M  and  R.  Owing  to  the 
intensity  of  the  blue  light  and  the  presence  of 
lines  H  and  K  in  stars  of  Class  R,  it  seems  more 
probable  that  Class  R  should  fall  between  M 
and  N." 

In  particular  the  thesis  is  proposed :  Stars  be- 
longing to  Class  R  of  the  Draper  Classification  of 
stellar  spectra  form  the  connecting  links  between 
stars  of  the  solar  type  (G)  and  stars  of  Class  N ; 
and  stars  of  the  two  classes,  R  and  N,  form  a 
branch  of  the  sequence  arranged  in  order  of  stel- 
lar evolution  coordinate  with  the  branch  consist- 
ing of  stars  of  Classes  K  and  M. 

Furthermore,  it  is  hoped  that  the  quantitative 
and  qualitative  data  obtained  during  this  investi- 
gation will  contribute  in  some  measure  to  the 
broader  problem  of  stellar  evolution  in  general. 

GENERAL  CH.-KRACTERISTICS 

The  table  of  Class  R  stars  contains  66  mem- 
bers, none  of  which  is  brighter  than  the  seventh 

"The  Spectra  and  Colors  of  Red  Stars  of  Harvard 
Classes  N  and  R.   Astrophysical  Journal,  Vol.  35.  p.  IJ5. 

'Problems  in  Astrophysics,  p.  215. 

'Publications  of  the  Verhcs  Observatory,  Vol.  2  p. 
.^85.   1903. 


visual  magnitude,     .\mong    the    number    whose 
magnitude  is  given  there  are : 


VISUAL  MAGNITUDE.   |  TOT.\L  NUMBER.     NORTH  OB  ■ 


^.o  to  7.9 

8.0  to  8.9 

9.0  to  O.p 

10. o  to  10.9 


Five  are  marked  as  having  a  variable  magni- 
tude. Only  twenty  are  in  the  northern  hemi- 
sphere. Not  as  great  preference  seems  to  be 
given  for  the  galactic  region  as  in  the  case  of 
Classes  N,  B,  and  O. 

The  following  table,  showing  the  distribution 
of  stars  of  various  spectral  classes  with  refer- 
ence to  the  Galaxy,  is  based  upon  the  work  at 
Harvard"  as  summarized  by  Russell'  with  the 
data  for  Class  R  stars  added  by  the  writer.  The 
coimt  for  Class  R  was  made  for  the  region  +  30' 
to  — 30°  galactic  latitude.  The  Harvard  count 
for  the  other  classes  varied  from  these  limits  in 
different  regions  on  account  of  the  irregularity 
of  the  Galaxy. 


Class 

Percentage  in 

Galactic    Region      ico    8. 


O       B     A     F     G    K    M    R     X 


56    54    63    87 


The  color  of  Class  R  stars  has  been  referred  to 
as  "probably  yellow  like  the  stars  of  the  second 
type."*^  This  characteristic  is  suggested  as  one  of 
the  features  distinguishing  stars  of  Class  R  from 
those  of  Class  N :"  "Stars  having  spectra  of  the 
fourth  type  are  comnionly  regarded  as  red  stars ;" 
which  indicates  that  the  Harvard  observers  con- 
sidered that,  in  general,  stars  of  Class  R  are  not 
red.  ^liss  Gierke  referred  to  two  of  the  number 
as   "white    stars"'"   — 10'  5057   and   — 10    513. 

'Harvard  Annals,  Vol.  64,  p.  134. 
•  Publications  American   Astronomical  Society.   Six- 
teenth Meeting-,  p.  26. 

'  Ilarzr.rd  Aniinls.  Vol.  56,  p.  219. 

'  Harvard  Circular,  I-15.  p.  3. 

'"  Problems  in  Astrophysics,  p.  221. 
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Parkluirst  has  deterniiiied  tlie  color  index  of  five 
stars  of  the  list  as  follows : 


STAR. 

j         COLOR    INDKX. 

—  lo''5057 

!       1.09 

+  85  332 

1.56 

+  53  66 

i.f)6 

+  20  5071 

1 .82 

+    63898 

2-37 

Compared  with  his  results  for  the  color  index  of 
nine  stars  classed  as  N  and  Na  (1.94  to  3.26)  it 
appears  that  in  general  stars  of  Class  R  are  not  as 
red  as  those  of  Class  N.  He  reaches  the  conclu- 
sion, however,  that  the  expression  "Fourth-Type 
Stars  not  Red,"  seetns  inappropriate;"  and  he 
apparently  includes  Class  R  stars  in  the  expres- 
sion, Fourth-Type  Stars. 

The  difference  in  color  between  stars  of  these 
classes  (X  and  R)  as  seen  by  visual  observers 
may  be  tested  by  referring  to  any  catalogue  of 
red  stars.  Birmingham-Espin's  catalogue  of  766 
red  stars  contains  only  two  out  of  twenty  stars 
of  Class  R  from  the  seventh  to  the  ninth  magni- 
tude, DM.  -I- 61'  667  and  — 3^  1685;  while  it 
catalogues  seventy  per  cent,  of  the  stars  of  Class 
X  within  the  same  range  of  magnitude.  The 
difference  in  color  between  the  two  classes  was 
clearly  discernible  during  our  observations,  form- 
ing a  gradual  transition  from  Class  R  to  Class  N 
with  increasing  redness. 

The  following  table  is  inserted  to  show  the 
change  in  color  index  with  spectral  type.  It 
gives  the  mean  of  the  values  obtained  by  dif- 
ferent observers  and  tabulated  by  Russell.^-  The 
value  for  Class  R  has  been  added  by  the  writer. 

The  general  characteristics  of  the  spectra  of 
.stars  of  Class  R  are  given  in  the  various  circulars 
previously  referred  to  and  include : 

1.  Rays  of  much  shorter  wave-length  than 
ordinary  fourth-type  stars. 

2.  The  blue  end  is  no  longer  cut  off  but  ex- 
tends to  as  short  a  wave-length  as  in  spectra  of 
Class  K. 

3.  The  lines  H  and  K  are  well  shown. 

"  Astrothysical  Journal,  \'ol.  3-,,  p.   132.   'O'-^- 
"Publications  American   .Islrononiical  Society,   Six- 
teenth Meeting  p.  27. 


4.  One  or  more  dark  bands,  resembling  the 
spectrum  of  the  lifth  type  rever.sed  on  a  continu- 
ous spectrum. 

5.  Two  well-marked  absorption  bands,  one  of 
which  has  a  center  near  the  calcium  line  A  4227, 
the  other  extending  from  X  4640  to  A.  4750. 

COLOR  LNIUCKS  or  .ST.\RS  BV  SPKCTR.^L  TYPES. 
CLASS  OK  SPIXTRL'.M.   AVF.R.^:;l■:  COLOR  l.NUKX. 


li 

0 

—  0.32 

B 

5 

—  0.19 

.\ 

0 

0.00 

.\ 

5 

0.00 

F 

0 

0.38 

F 

5 

0.58 

G 

0 

0.80 

G 

5 

1.02 

K 

0 

1.27 

K 

.^ 

1.64 

M 

1.65 

R 

1-7 

\ 

2-5 

Further  indication  of  the  relation  of  these  spec- 
tra to  others  is  found  in  the  following  remarks: 

1.  "It  appears  probable  that  stars  can  be 
found  forming  a  continuous  sequence  from  Class 
X  to  Class  R,  like  that  connecting  Class  B  and 
Class  M."    Harvard  Annals,  Vol.  56,  p.  220. 

2.  The  designation  N5R  is  applied  to  three 
stars  of  intermediate  type  listed  in  "Stars  of 
Class  X."  Harvard  Annals,  Vol  56,  p.  219,  Re- 
mark 5. 

The  order  of  the  sequence  from  Class  N  to 
Class  R  suggested  above  and  applied  in  the  nota- 
tion N5R  appears  to  be  inconsistent  with  the 
order  of  the  sequence  connecting  Class  B  and 
Class  M  with  which  it  is  compared.  The  well 
established  sequence,  B  A  F  G  K  M,  is  usually 
assumed  to  represent  the  order  of  stellar  evolu- 
tion. Now,  if  Classes  N  and  R  are  closely  related 
and  are  considered  to  be  late  types  according  to 
Hale,  Pickering  and  other  authorities,  the  larger 
color  index  or  increasing  redness  of  the  stars  of 
Class  N,  due  to  the  gradual  weakening  in  inten- 
sitv  of  rays  of  shorter  wave-length,  demands  a 
reversal  of  the  order  suggested  and  the  adoption 
of  the  order  from  Class  R  to  Class  N  and  the 
notation  R5X.    This  is  apparent  in  any  classifica- 


io6 


UNIVERSITY  OK  MICHIGAN 


tion  that  places  Class  N  near  the  end  of  the  list. 
In  addition  to  the  system  mentioned  above,  Lock- 
ver"s  classification  based  upon  his  metcoritic 
hypothesis  also  makes  Class  N  a  late  type.  Rus- 
sell/' however,  prefers  to  assign  this  class  a  posi- 
tion near  the  beginning  of  the  process  of  stellar 
development. 

OBSERVATIONS 

The  original  program  of  observations  included 
all  known  stars  of  Class  R  down  to  the  ninth 
visual  magnitude  observable  in  the  latitude  of 
Ann  Arbor,  also  a  sufficient  number  of  stars  of 
Classes  N  and  O  for  the  purpose  of  comparison 
and  contrast.  The  suggestion  that  the  spectrum 
of  stars  belonging  to  Class  R  resembles  the  spec- 
trum of  the  fifth  type  reversed  on  a  continuous 
spectrum  prompted  the  inclusion  of  a  number  of 
stars  of  Class  O.  It  was  soon  discovered  that  the 
resemblance  was  one  of  a  very  general  nature, 
better  illustrated  by  photographs  taken  with  an 
objective  prism  spectrograph  than  with  a  slit 
spectrograph ;  the  details  brought  out  by  the  latter 
detract  from  the  resemblance,  and  apparently  give 
no  additional  clue  to  a  physical  relationship  be- 
tween these  classes  of  stars. 

All  these  spectrograms  were  made  with  the  one- 
prism  spectrograph  attached  to  the  37/^-inch  Re- 
flector of  the  Detroit  Observatory.  Since  this 
spectrograph  has  been  fully  described  by  Profes- 
sor Curtiss,"  we  will  mention  only  the  following 
features. 

Focal  length  of  collimator  686  mm. 

Aperture  of  collimator  36.6  mm. 

Refracting  angle  of  prism  64°. 5 

Focal  length  of  camera  420  mm. 

Linear  dispersion  at  X  4500  47.7  angstroms  per  mm. 

The  focal  plane  of  the  camera  is  sensibly  flat 
for  the  range  of  spectrum  of  this  investigation 
A  4000  to  A5000.  The  minimum  deviation  setting 
is  for  Hy  rays. 

Seed  plates  were  used  exclusively,  23"s  and  27's 
for  stars  of  Class  O,  27's  and  Graflex  for  stars 
of  Classes  N  and  R.  The  coarseness  of  the  silver 
grains  of  the  Graflex  plates  and  a  tendency  to 
form  bubbles  in  the  film  during  the  process  of 
development  renders  them  much  less  satisfactory 

"  Piiblicalioiis  Aiiwricaii  .■Istronoinii-al  Society,  Six- 
teenth Meeting. 

"  Piiblicalioiis  of  lite  Astronomical  Observatory  of  the 
I'liirersity  of  Michigan,  Vol.  I,  p.  37. 


than  the  27"s  excepting  for  the  faintest  stars, 
where  accuracy  of  measurement  Was  sacrificed 
for  speed  during  exposure. 

A  determination  of  the  slit  width  for  the  set- 
ting 36.0  based  upon  the  measurement  of  thirty 
comparison  lines  on  plates  3063A,  30396,  and 
3055A,  and  the  ratio  of  the  focal  length  of  the 
collimator  to  the  focal  length  of  the  camera  gave 
the  approximate  value  0.075  mm.^^  A  titanium 
spark  has  been  used  for  comparison  on  all  the 
plates. 

The  accompanying  table  of  observations.  Table 
II,  only  partially  reveals  the  arduousness  of  the 
observational  work.  The  visual  faintness  of  the 
stars  of  Class  R  and  the  relatively  small  amount 
of  blue  light  combined  to  render  the  photogra])hy 
of  their  spectra  difficult  under  the  most  favorable 
conditions,  and  the  success  of  the  work  is  a  testi- 
mony to  the  efficiency  of  the  apparatus  used.  Fre- 
quently an  exposure  begun  under  apparently  fav- 
orable conditions  and  continued  for  two  or  three 
hours  was  interrupted  before  completion  by 
clouds  or  haze  and  the  exposure  time  was  entire- 
ly lost  or  the  spectrogram  was  so  faint  that  its 
weight  was  small  for  radial  velocity  and  wave- 
length determination.  The  work  begun  at  Mount 
Wilson  on  stars  of  Classes  N  and  R  with  the  60- 
inch  Reflector  has  been  temporarily  discontinued, 
because  it  was  found  that  the  exposures  require 
so  much  time.  Mr.  Van  Maanen  writes,  January 
^3'  1915-  "We  are  waiting  for  the  time  when 
there  will  be  more  time  available  or  when  we  will 
be  able  to  use  a  more  powerful  instrument." 

In  Table  II,  C.S.T.  refers  to  Central  Standard 
Time.  The  seeing  (S)  and  transparency  (T) 
are  estimated  on  a  scale  5.  The  temperature  at 
the  beginning  (B)  and  end  of  exposures  (E)  are 
recorded  in  degrees  Centigrade.  Slit  width  (W) 
for  setting  36.0  is  approximately  0.075  mm. ;  the 
pitch  of  the  screw  is  one-half  millimeter  and  the 
head  has  100  divisions.  The  length  (L)  of  the 
slit  is  appro.ximately  0.34  mm.  for  setting  0.8  and 
0.46  mm.  for  setting  1.5,  giving  a  spectrum  ap- 
proximately 0.20  to  0.27  mm.  in  width  respect- 
ively. 

''  Plaskett  has  found  tliat  the  exposure  time  in  aver- 
age seeing  is  ahnost  inversely  proportional  to  slit-width 
until  this  reaches  at  least  0.075  mm.  Astrol^liysical 
Jour..  \'ol.  28.  p.  259,  1908.  With  this  slit-width  the 
fainter  hues  begin  to  disappear. 
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iCxrosuRi;. 
C.  S.  T. 


DOMKTICM- 

INSIDKTIvM- 

SLIT. 

PKRATl'RK. 

PKRATUKK. 

PLATE 

S. 

T. 

B. 

t. 

B. 

B. 

W. 

L. 

DM.  —  10°  5057.    R.A.  19"  i7"'.6;  Dccl.  —  10°  54'.    Mag.  :  DM.  7.0,  H.P.  7.04. 


2882  A 

iqi4  July       ! 

9:50  to  12:40 

27 

2 

2.5 

.7.4 

16.0 

18.60 

18.52 

35-0 

1-5 

Stopped    by 

clouds. 

2887  A 

July      3 

lo;oo  to  13:20 

27 

2-5 

3 

18.3 

18.0 

20.93 

20.70 

35-0 

I-S 

2914  A 

July     I? 

10:14  to  13:44 

27 

2 

2..S 

23.0 

22.0 

24.80 

24.60 

35.0 

1. 5 

Fog  near  end  of 
exposure 

2QI5  A 

July     17 

9:17  to   12:47 

27 

1.5 

4 

21.3 

20.0 

25.5.=; 

25.32 

S.'j.S 

1.3 

2023  A 

July    21 

II  :32  to   15:02 

27 

2 

3 

25.0 

21.8 

2.v75 

25.. 38 

36.5 

I.O 

295S  .\ 

Aug.    12 

10:30  to   13:00 

27 

2 

3 

20.1 

18.2 

20.95 

20.84 

.37-0 

I.O 

Hazy  toward 

end. 

DM 


M. +  20°  5071.     R.A.  21"  59'". 7;  Decl.  +  20' 3-:'.     Mag.  :  DM.  8. 7. 


2942  A  !  ig 

4  Aug. 

3 

8:50  to  14:20 

27 

I 

3 

17.8     14.8 

25-25 

24.98 

36.5     1.0  1  Trace   only. 

2966  C 

Sept. 

4 

8:20  to  16:00 

27 

2 

3 

16. 1     II. 6 

17.78 

17.45 

.36.0    0.8 

2967  A 

Sept. 

6 

8:15  to   16:15 

27 

2 

3 

19.4     13.8 

19.80 

19.56 

36.0    0.8 

2968  A 

Sept. 

8 

7:05  to   16:15 

27 

2 

2.5 

12.8      8.0 

14.91 

14.57 

36.0    0.8    Fleecy  cloud,', 
14:00  to  15  :oo. 

i 

DM.  +  3    5-'-M.     R..\.  2f  44'" :   Dtcl.  +  5'  50'.     Ma.g.  :  DM.  K.;. 


2£88  A 

1Q14  Sept. 

17 

8:45  to  16:15 

27    . 

2 

2 

18.9 

15-7 

19.69     19.62     36.0    0.8     Clouds, 

10:45  to  11:45. 

2989  B 

Sept. 

18 

9:20  to  16:20 

27 

2.5 

3 

19-7 

14.0 

20.27  J  19.95 

j 

36.0    0.8 

Hazy, 

2  :oo  to  2 :3o. 

n\t.  +  57'  702.     R..\.  3''  3'" .8;   Decl.  +  -^7°  .V.    Mag.,  DM.  7.9,  H.P.  8.06. 


3044  A 

19 

4 

Oct. 

31 

12 

05 

to 

17 

25 

Graf. 

2 

2 

10.5 

8.2 

11 

12 

10.97 

36.0 

I 

0 

Light  clouds, 
1 :oo  to  3 

00. 

3079  A 

19 

-=; 

Jan. 

- 

7 

10 

to 

13 

10 

Graf. 

2 

3 

-8.6 

-12.2 

-5 

40 

-5. 54 

36.0 

0 

.8 

10°  513.     R.A.  2"  30'";  Decl. —9°  53'.     Mag.,  DM.  8.0,  H.P.  8.26. 


3038  c 

1914  Oct.    25 

8:50  to  10:30 

Graf.    1 

1 

7.8 

-.?2 

36.0     1 .0    Incomplete. 

3039  B 

Oct.     30 

8:.^o  to  13:00 

Graf.    2 

3 

8.1 

6.0 

10.43 

10.33     36.0     I.O 

3055  A 

Nov.    II 

Q-.SS  to  II  :55 

27       2 

2 

2.8 

2.2 

5.21 

5.18  I36.0    0.8     Hazy  after 

;                                        II  :3o. 

3063  A 

Nov.   23 

9  :oo  to  13  :20 

27     I1.5 

3 

-3-3 

-4.6 

-3.23 

-3.28     36.0    0.8     Hazy  after  I  :oo 
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PL.\TK.                 IJ.\Ti;. 

i:\rosuRE. 

C.  S.  T. 

PLATi; 

IIUMETEM-         iVSIPETEM- 

t         SLIT. 
PliR.VTURr.             1  ER.^TURE. 
S.        T. 

REM.\RKS. 

B. 

1 

E.            B.            E. 

W. 

L. 

l).\L  +  6r667.     R.A.  3"57 


Decl.  +61^31'.     Mag..  DM.  7.5,  ?1.P.  7.92. 


3051  .\ 

191 

;  No\. 

6 

II  :i5  to   13  :oo 

Graf.    2 

2 

3.S 

4-2 

6.44 

6.40     36.0 

0.8     Cloudv  at  12:30. 

3054  c 

Nov. 

10 

12:15  to  14:45 

Graf.    I 

5     2 

4.8 

3-1 

5.02 

5.00     36.0 

0.8     Stopped  by 

clouds. 

306.;.  c 

Nov. 

23 

13:45  to  15:00 

Graf.    I 

5     2 

-4.6 

-4-2 

-3  30 

-3.29     36.0 

i.o     Stopped  by  haze. 

3073  .^ 

Dec. 

21 

10.05  to  15.05 

Graf.    I 

.S     3 

-12.J. 

-14-4 

-7.66 

-7-78     36.0 

0.8     Interrupted    by 
clouds. 

3088  A 

lyi 

5  .Ian. 

2:\ 

7:53  to  14:03 

-7       1 

3 

-IC.6 

-16.0 

-7-54 

-7.0 I     36.0 

1.0     Inconiplcte. 

3083  A 

Jan. 

26 

6:50  to  13  :20 

Graf.    2 

1 

3 

1 

-7.0 

-9-5 

-/•44 

-7.55     .36.0 

1 

1.0 

1 

DiM.  — 3°i6S5.     R.A.  6"  56'";  Dccl.    -  3^  7'.     Mag.,  DM.  7.7,  H.P.  7.06. 


3087  A 

191 

i  Jan. 

20     10  :o5  to 

12:30    Graf. 

I         3 

-7.2    -lO.O 

-3 .  07 

-2.60 

36.0 

I .0     Stopped  by 

clouds. 

3094  D 

Feb. 

8      7:05  to 

12:35       27 

1-5     4 

-6..-     -g.s 

-3.42 

-3.64 

36.0 

1.0 

3397  A 

Fcl>. 

17       7  :oo  to 

1 

II  :3o   Graf. 

2.4     4 

-1.8^-3.8 

-0.06 

-0.08 

.36.0 

1.0 

DM.  +  34'  1029.    R..\.  S"  53"'.6:  Duel.  -\-  3-r  o'.     Mag..  DM.  8.9. 


313.^  H 

1)1 5 

Mar. 

1 1 

7  :40  t 

1   14:00    Graf. 

2 

4 

CO 

1 .25 

1. 10 

36.0 

0.7 

3143 -A 

Mar. 

lO 

7:15  t 

1  13:15    Graf. 

1-5 

4 

-1 .2 

"-1-.3 

2.05 

1.87 

35.0 

0.8 

1 

DM.  +  14°  204S.     R.A.9"8"'.3;   Decl.  +  14=  37'.     Mag.  DM.  8.8.  H.P.  8.68. 


3126  A 

■ 
1515 

Mar. 

2 

7 :35  to  10:35    Graf.    1.5 

2.5 

-3  •  0 

-7  ■  I 

-1 .04 

-1.12     36.0    o.S 

Stopped  by 

clouds. 

3127  A 

Mar. 

3 

7:55  to  12:55    Graf.    2 

2 

-4.6 

-6.4 

-4-78 

-4.72     36.0     0.8 

Hazy  after 

12:00. 

3 134  A 

Mar. 

3 

7  :30  to  12 :3o   Graf.    2 

3 

-2.4 

-4-4 

-2.60 

-2.4B    36.0     0.8 

DM.  +  42'28ii.     R.A.  i7''io"'.4:  Decl.  +  42°  15'.     Mag.,  DM.7. 3,  H.P.7.74. 


3128  B     19 

5  Mar. 

3 

13:05  to   14  :I5 

Graf. 

2 

2 

-7.0 

-7.5 

-4  ■  75 

-4  ■  7S 

36.0 

0.8 

Stopped  by 

tlouds. 

3135  B 

Mar 

8 

12:45  to   15:45 

27 

1-5 

3 

-4.6 

-5-7 

-2.52 

-2.55 

36.0 

0.8 

3'4:.B 

Mar. 

16 

13:30  to  17:10 

27 

2 

4 

-4.0 

-5-7 

1.85 

1. 81 

.^6.0 

0.8  1 

3169  A 

Apr. 

3 

II  :50  to  16:50 

27 

2 

3 

-1-4 

-3-0 

1.46 

1.40 

36.0 

0.8     Continued  until 
[            near  dawn. 
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KNrOSURK. 
C.  S.  T. 


I 

PLATK      S.       T. 


DOMKTKM- 
PKRATURK. 


IN'SIDK  TlvM- 
PERATfRK. 


n.Vf.  — 5N858.     \'  Aqiiihf.     K.A.lS"5fj"'.i;   IJccl.  —  5°  50'.     Mag.  DM.  7.0,   HI'.  Var. 


-^■)0.>D     icju;  July      6     10:3.3  to  14:33      21       2        3         2.07     1.76    24.22     23.92     35.0     1.5   ,  Trace  only. 

1 I  I    ■      1  I  1  I  .1  I  I 


lUI.  +  76°734.     R-A.  19"  23"'. I  ;    Uccl.  +  76"  >2\\.     Maf:..   DM.  6.5,  H.P.  \'ar. 


2883  B 
2521  C 


1914  July     I  !  12:59  to  14:49     27    '2.5    3 

July    20'    9:40  to  12:10      27     I2        3.5 


15-8 
23.0 


IS.8 

18.52 

18.50      35.0 

1  -5 

22.0 

24.11 

23.95    35-5 

1-5 

ig  Pisrium.     R..\.  23"  4i"'.,^ ;  Decl.  -f  2=  56'.    Ma?.,  DM.  6.2,  H.P.  Var. 


2935  B 

191. 

.  Sept. 

., 

10:2^ 

to 

13  :30 

27     1  I 

3 

1 5  •  -:• 

15-5 

22.45 

22.39 

35-0 

1.5 

Clouds 

25   min. 

2977  B 

Sept. 

II 

8:55 

to 

1 1  :25 

27     1I.5 

3 

II. 2 

10.3 

13.21 

13.20 

35. 0 

1  -5 

2978  D 

Sept. 

11 

11:48 

to 

14:18 

27      2 

3 

1    IC.I 

j    8.5 

10.19 

13.01 

34.0  j 

1 

I.O 

DM.  +  34'-4500.     R.A.  21"  37"'.8;   Decl.  f  35°  3'.!.     Mag..  DM.  6.2.  H.P.  Var. 


2916  D     1914  Jul)-     17     13:02  to   15:22      27     I  2      I  4        20.0'  18.5  125.32  j  25.30  [35.5  ,1.3 
2922  B  July     20'  12:2810  14:48      21      2.5     3         22.0     iS. 8    23.95    23.85     .35-5  I  1.5 


U  Hydrw.     R.A.  10"  32"' .6;  Dccl.  —  12'  52'.     Mag..  D.\I.  \ar.,  H.P.  Var. 


3c8.-.  A 

1915  Jan. 

14 

12:37  to  15:07    Graf.    1.5 

3 

-1.5     -2.5     -0.61     -0.63     36.0 

1.0 

3c86B 

Ian. 

15 

13:05  to  15:15    Graf.    2 

1 

-3-5     -3-6    -1.60     -1. 61     36.0 

1.0 

3090  D 

Jan. 

25 

13:45  to  16:30    Graf.    1.5 

3 

-9-5     -9.7    -7.60    -7.62    36.0 

1.0 

3098  B 

Feb. 

17 

1 1  :45  to  14  :oo      27      2 

4 

-3-9    -4.3  1 -0.09    -o.io    36.0 

1.0 

3168  C 

Apr. 

3 

8:15  to  10:45      27      2 

4 

■0.5    -1.0      1.40      1.47    36.0 

0.8 

DM.  +  46°  1817.    R.A.  12"  40'" .4  ;  Decl.  +  J5"  58'.     Mas..  DM.  \'ar.,  H  P.  Var. 


3C85  B     1915  Jan.     14  I  15:22  to  17:22   Graf.   2    -13        -2.4  i -3.6    -0.65  1-0.65  136.0  ji.o 
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PL.\TK       S.    :    T. 

DOMETEM- 
PERATURR. 

INSIDE  TEM- 
PER.\TURE. 

SI.IT. 

1 

I                           1 

B. 

E. 

B.            E. 

W. 

L. 

DM.  +  .35°39,S3-     R.A.  20"  2'".2;   Decl.  +  35°  3i'-     Mag.,  DM.  7.0,  H. P.  7.01. 


2q38  A  I  1914  July    29  I  12:00  to    2:15,    27       1.5    4         15.5     14.6     19.05 
2950 A  I  Aug.     5  I  11:40  to  12:401    27      2        3        20.6  1  19.0    22. g6 


18.76 

22.8s 


35-5     1-0 
35-.S  ,  i-o 


DM.  +  43°  3571.    R.A.  20"  17'". I ;  Ded.  +  43=  32'.     Mag.,  DM.  7.5,  H.P.  6.83. 


2982  D 
3012  B 


[914  Sept.   14     '2:43  t<i   14:.?8 
Oct.       I'll  .08  to  12:58  ! 


3 

3-5 


16.8 
II. o 


16.2  !i7..'^7  I  17-53 

10. o     13.37  !  13.32    34-0 


Cloud}-  near  end. 


DM. +  37°  3821.     R.A.  20"  8"'.5 ;  Decl.  +  38°  3'.     Mag.,   DM.7. i.  H.P.7.44. 


2981  A 

1914  Sept. 

13 

1 1  :35  to  13  :35 

27 

2 

^ 

14. 1 

13.8     15.10     15.01;, 

34-0 

1 .0 

Interrupted  by 
clouds. 

2990  A 

Sept. 

19 

12:15  to   14:00 

27 

2-5 

3 

19.2 

19.2     21.06     21.07 

34-0 

1-5 

Spoiled  in 

developing. 

3011  A 

Oct. 

I 

9:03   tn    10:53 

-'" 

3 

4 

I..-. 8 

11. 1     13-40     13-37 

34-0 

1.8 

X  Ccphei.     R.A.  22"  8'". I  ;  Decl. -f  38°  56'.     Mag.,  DM.  5.6,  H.P.  5-i9- 


2933  A 

1014  July    27 

12:27  to  12:57 

27 

2 

^      1 

iy.6 

19.1  ,  25.67    25. 58 

34-5    2.0 

2934  B 

July    27 

13:03  to  14:23 

23 

2 

' 

19.1 

19.0    25.58    25.55 

34-5    2.0 

2952  c 

■^ug.     5 

14:08  to  14:23 

23 

2 

3 

18.9 

18.9    21.84    21.84 

34-5    2.0 

2953  B 

Aug.     5 

14.55  to  15:20 

23 

2 

2 

18.9 

18.9    21.83    21.83 

.W-5    2.0 

2979  A 

Sept.   II 

14:40  to  15:40 

23 

2 

3 

8-5 

8.0  '  12.90     12.92 

34 . 0     1.0 

2983  B 

Sept.   14 

14:57  to   15:27 

23 

1-5 

2-5 

16.2 

16.1     17.53     17-.W 

34-0     1.5 

298.;  c 

Sept.   14 

15  :37  to  16:07 

23 

1.5 

2.5 

16.0 

15.8     17-50     17-48    33-0    2.0 

THE  SPECTROGRAMS 

The  spectra  of  stars  of  Class  R  are  marked 
by  strong  absorption  bands,  numerous  dark  lines, 
and  a  few  bright  lines.  Only  plates  of  the  stars 
+  42^2811  and  — 10'  5057  gave  a  spectrum 
above  X  4188  strong  enough  for  the  measurement 
of  lines;  sufficient  continuous  spectrum  is  visible, 
however,  beyond  this  limit  on  plates  of  other  stars 
to  indicate  the  presence  of  violet  rays.  The  H  and 
K  lines  are  clearly  seen  on  plates  of  +  42°  281 1. 
Some  plates  show  a  sharp  drop  in  intensity  at  X 


4216,  others  fade  away  gradually.  The  calcium 
line  A  4227  is  strong.  The  broad  G  group,  ex- 
tending in  some  cases  from  A.  4295  to  A  4315,  is 
the  most  prominent  feature  of  this  region,  show- 
ing almost  complete  absorption  on  some  of  the 
plates.  The  line  A  4384  is  conspicuous.  Hy  is 
present,  but  is  not  prominent.  On  plates  of  the 
stars  showing  the  strongest  ordinary  bands,  there 
is  also  strong  absorption  from  A  4395  toward  the 
violet  rendering  the  spectrum  very  weak  as  far 
as  Hy  or  even  as  far  as  G  in  some  cases.    The 
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iiKisl  inomiiKiit  feature  i)f  llic  whole  sijcclnim 
i:n<ljr  c(;nsicleration,  from  the  violjt  end  to  A  50:X3, 
;!rc  the  stronjj  at;sorptioii  liaiuls  witli  head  at 
A  4737  wlien  the  1  aiids  are  weaker  and  at  A  475-2 
when  tliey  are  stronger.  These  liands  are  sharply 
dfllned  toward  the  red  but  gradually  fade  away 
toward  the  violet,  usually  to  about  A  4630-40.  The 
continuous  spectnun  on  the  red  side  of  these 
bands  is  much  stronger  than  it  is  on  the  other 
side,  the  relative  intensity  differing  greatly  in  the 
different  stars;  in  general,  the  spectrum  showing 
the  stronger  absorption  bands  suffers  the  greater 
loss  in  intensity  on  the  violet  side.  An  absorption 
line  varying  in  intensity  in  the  different  stars  oc- 
cu])ies  the  position  of  IT/3,  but  a  companion  line 
and  the  low  dispersion  in  this  region  renders  its 
identification  dilTicult.  ( )n  .some  plates  it  is  very 
weak,  on  others  not  discernible.  II;3  does  not 
clearly  appear  as  a  bright  line  on  any  plate.  The 
intensity  of  the  spectrum,  which  is  a  maximum 
in  the  broad  bright  zone  adjoining  the  head  of 
the  strong  absorption  band,  gradually  grows  less 
tow'ard  the  red  limit  of  visibility  of  the  photo- 
graphic plate ;  at  A  5000  the  spectrum  is  much 
fainter  for  Class  R  stars  as  a  rule  than  for  Class 
X  stars  taken  under  the  same  conditions.  Prom- 
inent lines  varying  in  intensity  from  star  to  star 
are  found  at  AA  4876,  4886,  4921,  4958,  and  4985. 
The  features  here  mentioned  will  be  discussed 
in  the  section  on  <|ualitati\e  results. 

MEASUREMEXT  AND  REDUCTION 

Measurement.  The  spectrograms  w'ere  meas- 
ured on  Measuring  Engines  No.  i  and  No.  3  of 
this  Observatory.  The  pitch  of  the  screws  is  one- 
half  millimeter  and  the  least  reading  0.0005  nii"- 
Determinations  of  the  periodic  error  for  different 
sections  indicate  that  no  corrections  to  the 
micrometer  readings  are  necessary.  Low  mag- 
nifying power  gave  the  best  results  on  account  of 
the  coarseness  of  the  silver  grains  of  the  photo- 
graph plates  used ;  for  the  Graflex  plates  power 
7  to  8  was  used,  for  27's  power  12  to  15.  All 
the  available  star  lines  were  measured  for  wave- 
length determination.  About  25  comparison  lines 
were  measured  on  each  plate.  The  average  of 
three  settings  on  a  star  line  was  taken.  The  mean 
of  two  readings  on  the  inner  tip  of  the  upper 
comparison  line  was  averaged  with  the  mean  of 


two  readings  on  the  innir  U\)  of  the  lower.  This 
has  a  (linil  le  advantage;  in  the  first  place,  if  the 
point  is  fairly  symmetrical  its  bisection  gives  a 
l)etler  result  than  the  bisection  of  a  broad  line; 
and  in  the  second  place,  the  effect  due  to  the 
curvature  of  the  slit  image  on  the  plate  is  mini- 
mized. In  our  work  the  curvature  correction  was 
not  ap|)reciable.  All  the  plates  were  measured 
direct  and  reversed  to  eliminate  personal  equation 
as  far  as  possible. 

Radial  Velocity  Dctcrminaliou.  The  method 
of  reduction  proposed  by  Professor  Curtiss'"  has 
])een  followed  using  the  moon  as  the  standard 
velocity  .source.  For  the  standard  table  about 
forty  lines  were  selected,  that  were  foimd  to  be 
more  or  less  common  to  stars  of  Class  R  and  the 
solar  spectrum,  and  about  25  comparison  lines  of 
avera.<;;e  intensitx-  well  distributed  tbrou-^hout  tlic 
region  A  3900  to  A  5100. 

The  first  standard  table  was  made  from  three 
moon  plates  with  titanium  comparison.  During 
the  course  of  the  observations  the  spectrograph 
was  readjusted,  which  resulted  in  a  change  of 
dispersion  sufficient  to  necessitate  a  correspond- 
ing change  in  the  standard  table.  Accordingly, 
the  second  standard  table  was  prepared  by  chang- 
ing the  dispersion  of  the  old  table  to  the  new  by 
means  of  a  graphical  method,  ])lotting  the  mi- 
crometer readings  as  abscissae  and  the  differences 
in  readings  betw^een  the  old  and  the  new  as  ordi- 
nates.  A  smooth  curve  was  then  formed  which 
together  with  the  scale  correction  gave  the  means 
of  conversion.  The  micrometer  readings  of  the 
comparison  lines  in  the  second  standard  table  are 
based  upon  a  larger  number  of  measurements 
than  in  the  first  standard  table ;  also  a  few  com- 
parison lines  were  rejected  and  others  substituted, 
and  a  few  additional  moon  lines  were  included, 
which  were  found  to  be  common  to  Class  R  stars. 

The  method  of  making  the  lines  homogeneous 
was  applied  in  the  case  of  star  —  10''  5057,  for 
which  five  plates  were  available.  The  maximum 
correction  to  the  computed  velocity  for  a  single 
plate  due  to  this  somewhat  laborious  process  was 
0.38  km.  for  plate  2887  A.  The  small  number  of 
plates  available  for  each  star  and  the  degree  of 
precision  required  did  not  warrant  the  general 
adoption  of  this  refinement. 

"  Astrol'hysical  Jour.,  Vol.  20,  p.  149,   1904. 
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jya:c-lci!(/ili  Dctcniiiiiatioii.  \\'a\e-lengtlis 
were  determined  by  means  of  the  Hartmann  in- 
terpolation formula, 

c 

>^  —  K-\ . 

R.,  —  R 

In  the  detcnnination  of  the  constants  of  the  for- 
mula the  titanium  lines  A  4078.632,  A  4338.081, 
and  A  4981.916,  expressed  in  Rowland's  scale, 
were  used  as  standard  lines  in  the  first  standard 
table.  These  lines  are  among  the  ones  selected 
by  Mr.  ^lellor  as  standards  for  "A  Study  of  the 
Titanium  Spark  as  a  Comparison  Spectrum  in  the 
Single-Prism  Spectrograph."  The  line  A  4163.829 
of  his  list  was  substituted  for  A  4078.632  in  the 
second  standard  table. 

The  constants  for  the  first  standard  table  are 

/?„=  185.108. 
\=     2,204.293. 

f  =  22_1,289.5. 

For  the  second  standard  table  the  constants  are 

K  =  186. 184, 
\—  2,197.682, 
c  =  227,282.66. 

The  residuals,  observed  wave-length  minus  com- 
puted wave-length,  which  form  the  ordinates  of 
the  correction  curves,  are  based  upon  the  list  of 
titanium  lines  given  by  Mr.  Mellor,  in  these  Piib- 
licat'wns,  \o\.  1.  p.  140.  The  correction  curve  to 
accompany  the  use  of  the  first  set  of  constants  is 
not  well  determined ;  but  it  is  more  symmetrical 
tl.an  the  second,  due  to  the  use  of  standard  lines 
sejjarated  by  intervals  more  nearly  equal. 
P>efcre  application  of  the  formulae 


224.. 


185.108  — R' 


(I) 


and 


227.282.66 

107.682  +  - .  (2) 

^  186.184  —  /?  ^ 


the  micrometer  reading.  R  was  corrected  for  plate 
\elocity.     This  correction  was  obtained  by  mul- 

tijilyiiig  the  plate  velocity  by  -77^.  and  is  applied, 

with  the  sign  changed,  since  a  positive  velocity 
indicates  a  displacement  toward  the  red  or  larger 


wave-length  and  the  micrometer  readings  increase 
in  the  same  direction.  After  R  was  corrected  for 
all  the  plates  of  a  single  star  the  mean  value  for 
each  line  was  found,  due  consideration  being 
given  to  the  quality  of  the  line  on  the  individual 
plates.  This  value  of  R  was  substituted  in  the 
Hartmann  formula,  the  application  of  which  was 
greatly  facilitated  by  the  use  of  the  Millionaire 
computing  machine.  The  resulting  value  of  the 
wave-length  was  corrected  by  means  of  the  ordi- 
nate of  the  correction  curve  corresponding  to  the 
micrometer  reading  of  the  line,  which  gave  the 
final  value  of  the  wave-length.  After  the  wave- 
lengths of  stars  —  lO"  5057  and  +  57^  702  had 
been  determined  by  this  method  they  were  used 
as  standards  and  the  difference  in  R  for  the  other 
stars   was  changed  into  difference  in  A  by  the 

rfA  .  . 

factor   -77;,  tabulated  in  the  standard  table.    The 
aK 

application  of  this  difference  to  the  computed 
wave-length  in  the  standard  star  gave  the  value 
of  A  directly,  saving  much  time  in  computation. 
These  values  of  the  wave-lengths  are  tabulated 
for  each  star  in  the  Table  of  Mean  Wave-Lengths. 
Degree  of  Precision.  The  visual  faintness  of 
the  stars  of  Class  R  and  their  greater  photo- 
graphic faintness  required  the  use  of  fast  plates, 
the  coarse  silver  grains  of  which  necessitated  a 
low  magnifying  power  and  interfered  with  pre- 
cise measurement.  The  wideness  of  the  slit,  usu- 
ally 0.075  mil-,  combined  with  the  relatively  low 
dispersion,  tended  to  produce  broad  lines  and 
blends  instead  of  sharp  well-defined  slit  images. 
The  change  in  intensity  of  the  lines  passing  from 
the  moon  plates  to  those  of  Class  R  and  Class  N 
stars  introduce  displace«ients  of  unknown  magni- 
tude. While  the  shift  of  ordinary  lines  with 
spectral  type  may  not  be  large  between  the  solar 
spectrum  and  spectra  of  Class  R  stars,  there  ap- 
pears to  be  a  marked  change  in  the  position  of  the 
center  of  many  measured  lines,  probably  due  to 
the  presence  of  new  components  or  to  the  un- 
equal change  in  the  relative  intensity  of  the  com- 
ponents passing  from  the  solar  type  to  types  A  I 
and  I\'.  A  few  cases  that  will  be  pointed  out  later 
seem  to  indicate  a  systematic  shift  from  star  to 
star  passing  along  the  sequence  of  stars  arranged 
in  the  order  of  the  intensity  of  the  absorption 
band.     The  presence  of  bright  lines  also  tends  to 
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sliill  tlic  center  uf  mass  uf  adjacent  absorption 
lines.  Error  due  to  tliis  cause  was  avoided  in 
radial  velocity  determination  by  omitting  as  far 
as  practicable  the  use  of  disturbed  lines. 

Tiie  i)recision  of  radial  velocity  determinali(Jiis 
is  indicated  by  the  tabulated  probable  errors  ac- 
companying the  plate  velocities,  which  are  based 
upon  the  agreement  of  the  velocities  given  by  the 
lines  of  the  i)late.  Tiie  average  for  a  plate  vel- 
ocity is  ±:  2.06  km.  for  the  ten  Class  R  stars. 
The  small  number  of  lines  on  some  plates  avail- 
able for  comparison  with  the  lines  of  the  stand- 
ard table  accounts  for  .the  large  average  probable 
error  in  such  cases.  'I'lie  average  number  of 
lines  used  for  each  plate  was  17,  giving  an  aver- 
age probable  error  for  a  single  line  of  7.1S  km.. 
or  in  wave-lengths 

.\t  ^  4000,  ±  o.  1 1  .\, 
.^t  ^  4500,  ±  0.12  A, 
At  X  5000,  ±0.14  .\. 

On  this  basis  the  probable  error  of  the  mean 
wave-length  of  a  line  measured  on  ten  plates  is 
about  ±  0.04  A,  and  for  a  line  measured  on  five 
plates  the  probable  error  is  al)out  ±:  0.06  A. 

.\fter  the  lines  were  made  homogeneous  in  the 
case  of  star  —  10-  5057,   for   which   five  ]>Iates 


were  available,  the  average  probable  error  of  the 
wave-length  of  a  single  line  was  found  to  be 
±  0.050  A. 

.Mi;.\.N  w.\vi:-i,i:.\(',Tiis 

In  the  table  of  mean  wave-lengths  the  stars  at 
the  head  of  the  columns  arc  arranged  in  the  order 
of  the  intensity  of  the  absorption  band  with  head 
at  A  4737.  Under  each  star  are  three  columns 
giving  respectively  the  quality,  intensity,  and  com- 
l)Uted  wave-length  of  the  line,  d,  F,  and  P  stand 
for  good,  fair,  and  poor,  respectively.  Occasion- 
ally a  line  is  designated  as  wide  (W),  very  wide 
(\\\),  sharp  (S),  diffuse  (Uif. ),  or  nebulous 
I  .X  or  .Xeb. ).  .Max.  stands  for  the  position  of 
maxinnmi  intensity  in  a  broad  line  or  band,  Str. 
for  the  strongest  of  a  grouj)  of  lines,  and  l!l.  for 
llcnd.  lir.  indicates  an  emission  line.  The  in- 
tensit\-  is  estimated  on  a  scale  of  10;  s])ecial  diffi- 
culties, however,  render  these  estimates  approxi- 
mations only.  The  last  column  but  one  of  the 
talile  i^ives  the  mean  wave-lengths  of  lines  com- 
mon to  two  or  more  stars.  In  general  a  single 
star  line  occupies  a  single  horizontal  line  of  the 
table,  but  owing  to  uncertainties  of  identification 
this  may  nrjt  always  be  the  case.  The  lines  of  the 
table  are  numbered  consecutively  for  con'.-enience 
of  leference. 
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TABLE  III.    MEAN  WAVE-LENGTHS.    CLASS 


14 

15* 

16 

17 

18* 

19* 


23* 
24 

25 

26 

2/* 
28 
20 
30 

31 
32 

33 

34* 

35 

35 

37 
38 
30 
40 

41 

42* 

43 


+  .12''2Sll. 


CH.\R.\CTER. 
INTENSITY,    .wn 

w  \vi;-i.i;ncT!I. 


\V       5     4188.68 

P         I     4 '05 -07 
F         2    4IQ6-57 


\V       5  4207.96 

G       10  4215-67 

Head  4216.59 

F         3  4218.90 


G       10  4227.12 

^(Ige  4227.94 

F         2  4230.19 

F         4  4233-51 

F         5  4236.51 


Edge        -i2_io,56 
F         5    4243-32 


.I2..8.02] 
F         3    4250.44' 


F         4    4255,7: 


425S.OJ 
Center      4260.63 


TO     5057. 


CH,\R.\CTnR, 
INTE.NSITY,    .\NIl 
W.WE-LI'.XGTH. 


F  5  4187-77 

F  2  4191-44 

W  2  4195-71 

G  3  4196-72 

F  3  4201-83 


W  3  4205.27 
G  10  4215.46 
Her.d        4216.23 


4262.20 
3  4264.83 
3    42^-8.28 

5    4271.98 

3  4275-21 
I  4277.no 


F    3  4220.29 
F    2  4223.16 


G  7  4227-32 

F  I  4230.50 

G  6  4233.30 

F  3  4236.31 

F  4  42.W-14 

F  2  4242.60 

G  5  4247-24 


F    3  4250.46 
F    2  4252.65 


P    2  4256.48 

F        2    4258.47 
F        4    4260.74 


W  4  4260.12 

G  4  4271-96 

F  4  4275.26 

F  2  4278.07 


+  : 


CU.VR.VrTKR, 

ixTK.xsrry,  .wn 

W-WE-LKNl.TII. 


P         3     4187-75 

P  2      4195-68 


4    4_'oS.6q 


F         8    4227.11 


+  20°  5071. 


ch.\r.\cT!;r, 
■  XTENSITY,  .\.Nn 
W.WE-LEXGTH. 


F        2    4151.96 


F         3     4203 . 00 
F    ■    1    4206.46 


4248.01 ) 

F         3    4250.76  ( 
VV       3    42.^4-62 


F         3     4257.61 
F         2    4258.70 

F         4    4261.42 


I'         4    4268 .  29 

F         3    4271-67 
F         4    4275-01 


P  3  4218.93 

P  2  4223 . 00 

F  2  4225-89 

F  7  4227-22 


■.92 
4238.58 


W       5    4244-68 


F         5 
E         3 


+  34    1929- 


250.49 
4254-43 


P  2  4257.13 

F  3  4260 . 20 

Br.  2  4261.46 

E  2  4263.03 

W  3  4266.83 

P  2  4270.44 

'■■  4  4275-86 


CH.^R.\CTER, 
IMtNSTV,   -\Nn 
WAVE-LENGTH. 


3  4233 

4  4236 


8  4 


4247 
\V   4  4250 


F    2  4255 

4260 

E    2  4264 
4267 

E    4  4272 
F    4  4275 


63 


99   Bl 


CHAR.\CTER, 
!\TE.\S1TY,    AND 
WAVE-LENGTH. 


48 


2      4196 


2  4207 

7    4215 

3  4218 


2  4229 

3  4233 
3    4236 


4247 
4250 


3  4264 

4  4267 


4     4271 
2    4274 
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OBSIiRVAToRY 
VCTIIS,    CLASS  U. 


>'5 


+  61°  667. 


CHARACTER, 
INi'KN'S'.TV,    wri 

-1  .'NCI  II. 


^260. 


3  426;. 

!•    .^  4271 
P    3  4275 


-3"  i''H5. 


CHAR.\Cfi;R, 

I.NTi-.NJ.ITV,  .\,\l) 
U'.\V1M,K.\&TII. 


3  4220.06 
5  4224.21 
5  4227.35 


2  4229.93 

3  4233- "I 
3  4236.62 


(',    4  4243-27 


W   3  4250.66 


W   8  42,^4-95 

X   4  4255-70^ 

4256.56  ( 


\V   6  4260.72  ) 
4261.34  1' 


F         3    4268.28 

!•         3    427  ■..'^5 
F         4    4275-16 


+  57"  702. 


CHARACTKR, 

iNTiuvsri V,   v.v: 

WAVK-LKNCTII. 


F         8    42I5-69 
Head        4216.16 


F         3    4233-36 
F         4    4237-08 


4    4243-3 


4247-48  , 
4250-62  ' 

4254-50 


+  14'  20/8- 


CHARACTKR. 

l.Vil-;.\SiTV,    A. Ml 
WAVU-LKNCTH. 


I'    7  4215 
Head   4216 


;  l.r.  .'2   4:20 

F    2  4223 


W   10  4227 


422S 
I  4230 

3  4233 

4  4237 


4248 
4250 
4252 


0   10  4255 


I  Br.  '  2 


4258 

4261 
4262 

4265 

4268 

4272 

4275 
42-8 


66  » 

78 

46 

82  1 
61 

07  I 
-l-J  I 
13 
66 

24 


.Vl'AN-    AND    II;KNTIP1CATI0N. 


A. NO  STROM  S. 


4187.8 

4191. 7 
4195-8 
4196.7 

4201 .8 

4203.0 

4215.6 
4216.4 
4218. 8 

4220.3 
4223.2 


4227.2 

4228.0 
4230.2 
4233-5 
4236.7 


4250.6 


4254- 
4255. 


4258.8 
4260.6 


4264.7 
4268.0  ? 


4271.9 


4275-3 
4278.1 


Fc. 
Fe. 
Fc. 
Cy. 
Fe. 


Zr. 
Fc. 


Fc. 
Fe. 


Fe.  blend. 


Cr. 
Fe.  Cr. 


Fe. 

Fe. 
Fe. 
Fe.  C. 

Fe. 
Cr. 


Ii6 


UXn'KRSlTY  OF  ^riCHIGAX 
TAHLE  TIT.    MEAX  \VAVE-I,EXGTHS.    CLASS  R— Con-;inuf.p. 


42'  j8ii. 


CHARACTER, 
INTENSITY,    AMI 
V,AVE-LP.N(.TH. 


6  4280.56 


4-'S3.ofi 

4286.00 

4289. 88 


5  4300.08 
I  4.103.04 


P    2  4308.4 
F    4  431-4- 17  j 


I  4319-24 

I  4,?^I-3I 

432-1. 16 


10'  5057. 


CH.ysACTER, 
INTENSITY,   ANI 
WAVE-rSNCTH. 


G  Max.  4325.62  [ 

4327.29 


2  4.WC.02 

2  4334+2 

4  A^^7■'n 

6  4340  42 

F    3  4.144-26 

F    4  4.147 -''0 

G    7  4.1.=;2.n 

F    3  4.I.XS-87 

F    4  43.S9-78 


3  4280.74 

2  4282.01 

2  42S6.18 

6  4290.11 


G  8  4299.98 

F  2  4.302.03 

F  3  4.105.73 

\V  5  4308.72 

G  6  4314-69 


4  433^-77 
3  4.134-12 

4.137-72 
2  4.Vi9.09 


4  4.144-40 
3  4.147-60 

5  4351-67 

3  4.1.^5  I ; 

5  43.50-4T 


+  : 


CHAR.^CTER, 
INTlCNSlTV.   AVD 

WAVli-LKNGTH. 


4  4280.55 


3  4286.02 
3  4289.83 


4295.22 

43OG . 02 


+  20'  5071. 


+  34'  1929- 


CH.\R.\CTER. 
INTEXSIVY,   A.M 
WAVE-LENGTH. 


W       4    4308.50 

43I4-&2 

F        2    4320.16 
G       10    4324-62 


F        3    4330-63 
F        4    4333.93 

G         6    4.1.17-88 


3     4.143-97 
3     4.147-58 


G         6    4352.01 

F         2    4355 -.56 
F         3    4.1.^9.76 


6    4281.38 

5    4286.62 
4290.0: 


4310.Q8J 


6    4319-39 


3  4324 -79 

3  4329-05 

5  4.1.13-33 

2  4339-02 

3  4.142.91 

5  4.147-41 

3  4351-22 

2  4.154-71 

2  4.158.98 

3  4.162.91 


CH.^RACTER, 
INrL..\SITV.    \Ml 
WAVE-LENGTH. 


Bl.       5    4280. 5J 


N        3    4286.00 
F         4    4290.11 


F         5    4306.62 

F        6    4314-7 
4318. 

4320. 68 


\V  6  4.125-42 

P  2  43.14-21 

F  4  4.1.17-89 

F  3  4340.54 

F  2  4.143-88 

F  3  43-17-61 


CHARACTER, 
IXTENSilV,    AXt 
WAVE-LENGTH 


F    4  4285.90 
F    3  4289.67 


2   4294.44 


4151-94 


F    4  4.155.61 
F    3  4.1.-9.70 


F    2  4314.65 
F    2  4317.57 


432 


W 


8  4324.68) 
4326.65  f 

3  4330.01 

2  4333.44 

3  4337-5'  1 

4340 -.14  ' 

3  4344  04 
6  4347-79 


I'llU.ICATIoXS  OF  'rill-:  <  )r.Sl'.k\ATORY 
Al'.l.l'    III.     MKAX  WAVlvLKXC.THS.    CLASS  R— Coxtini-ed. 


+  61    ('>6/ 


CHARACTKR. 

INTKNSITV,     Wll 
WAVIM.I-NCTll 


3      -4^>'^->- 


G         3     4>M.'^-J 


43-'f> 

-1333 
4337- 
4340. 


6     4,; 


2     4  ",60 . 


3'  ><'«5. 


CIIARACTKH, 
IN'I'KNSI TV,   AM) 
WAVK-I.KNC.TH. 


P  .?      ^2So.f> 

I"         3     4-'f^6 
1'         3     4-290 


F         3     431 


3     43 1'.' 
5     4334 

4337 
4340 


17  J 


+  57'  70-'. 


CHARACTER. 

INTENSITY,   AM) 

WAVE-LENGTH. 


I^  4  .4_>cSo.02 

F  .1  ^289.90 

F  I  42(»2.4.3 

F  I  4253. 0') 

F  3  43' 


4.3-a.OO  I 
4327.37-' 
4 32 5 -59 


140.16 


50.62 


+  14'  2o.;8. 


CHARACTER, 
INTENSITY,   AND 
WAVE-LENGTH. 


F    4  A2^-J-f^i 

F  3  42«3.c? 
F  4  4285.65 
151.   4  4289.58 

F   3  42;i..'<5 
4233-95 


.09  J 


^-         2    4.321.^7 
^-         3  4'.-'l.i: 


'^    4  4330.13 
F    3  4.334.6; 


P    2  4341.05 
F    3  4,343-92 

F   2  4348.26 


.MK.W    AMI    PI. i:\TII  ICATION. 


ANGSTRO.MS. 

IXE.MENT. 

42S0.6 

Cr. 

4283.0 

Ti.  Ca. 

4286.2 

Ti. 

4289.0 

Cr.  Ca. 

4291.8 

l-\-.  Cr. 

4300.0 

C.  Fc.  Ti. 

4314.7 

Ti.  ? 

4.321.5 

Ti.  Cr. 
I"e. 

4330. 1 

\-. 

4.\34 . 1 

4.337.  s 

Cr. 

4.340.5 

H7. 

4.342.3 

4344.1 

Cr.  nieiul. 

4.347-6 

4352-0 

Cr.  Mg. 

43.^5-5 

Ca. 

4359.7 

Cr. 

ii8 


UNIVERSITY  OF  MICHIGAN 
'ABLE  III.    MEAN  WAVE-LENGTHS.    CLASS  R— CnNiixuED. 


+  42^2811. 


CHAR.^CTER, 
INTENSITY,   AND 
WAVE-LENGTH. 


88 

"I 


VV   4  4363 

4366 

P    3  4367 

P    I  4370 


W   5  4374 
P    2  4380 

4382 

G   10  4384 

4385 


W   4  4389 


F  5  4400 

P,r.  2  4403 

G  5  4404 

F  4  4408 


P.r.   2  4413 

F    6  4415 

Edge  4418 

F         4  4422 

F         3  4430 

W       8  4435 


VV      10    444. 


F         I     4447.46 


10   5037. 


CHARACTER, 

INTENSITY,   AND 
VV.AVE-LENGTH. 


W  Max.  4363.67 
P    3  4367.70 


F  4  4371 
F  6  4374 
P    2  4380 

4385 
F    I  4388 


4  4390 

5  439: 


8  4400 


4  4404 
7  4408 


F  4  4415 

F  5  4417 

F  3  44-'2 

F  4  4430 

F  6  4435 


G   10  4443 


+  5°  5223. 


CHARACTER, 
INTENSITY,   AND 
WAVE-LENGTH. 


F   4  4363.83 

P     2   4366.86 


P  2  4373 

F  3  4375 

VW  8  4383 

F  3  4388 

F  3  4390 

G  3  4395 


G    7  4404 
G   6  4408 


G   6  4415 


G   4  4430 
W   4  4435 


G   8  4442 


3  4446.  q; 


20  5071. 


CHARACTER, 
I.NTENSITY,   AND 
WAVE-LENGTH 


3  4366.98 


W 


3  4386 


Br.   2  4414 


F  3  4416 

F  I  4420 

^^'  4  4425 

F  5  4430 

W  I 

p  4  4437 


2  4442 

3  4445 


76 


46 


+  34'  1929. 


CHARACTER, 
INTENSITY,   AND 
WAVE-LENGTH. 


3  4363 


3  4367 


F   2  4388 


4392 

F    3  4395 


G   6  4404 
F   3  4408 


6  4415 


W  4  4422 

-V  3  4426 

P  3  4430 

W  4  4435 

F  I  4437 


VV   8  4442 
4444 


46 


56 


rl] 


CH.\SACT£R, 
INTENSITY,   AND 
WAVE-LENGTH 


F    4  4363-31 
F   3  4367-17 


F    4  4371 
4  4376 


4  4383 


3  4390 
6  4395 


G   4  4404 
F    3  4408 


4  4430 
4  4435 


nilUJCATIONS  OF  TIIR  OBSERVATORY 
Al'.l,!-:  III.    MK.W  W.WIC-I.I'.N'C.TIIS.    CLASS  R-Continukd. 


lly 


+  6r667. 


CHAR.\CTEK, 
INTENSITY,   AND 
WAVE-I.l'.NCTH. 


-3'i685. 


CHARACTKR, 

INTENSITY,   AM) 
WAVE-I.l'.NGTll. 


+  57°  70J. 


CHARACTER. 
INTENSITY,   AND 
WAVE-UKNCTH. 


+  14°  2048. 


CHARACTER, 
INTENSITY,   AMI 
WAVE-LENGTH. 


MEAN    A.ND    IDENTIFICATION. 


ANGSTROMS. 


9' 
92 
93* 

94 
95 

96 

97 


10.3 
104 
105 

106 

107 

108 

109* 

no 


1 1.1 
114* 


118 
119 


122 
123 
124 

125 

126* 

127* 

128 

129 

130 

131 
132* 
133 
134 

135 


I-         3    4363-53 

G         I     4367-12 
W       2    4369-05 


w     4  4375-36 


\V       6    4383-98 


G        9  4395-01 

Edge  4395-63 

I"        6  4400.24 

G    9  4404-95 

F    6  4408.66 


Rev.  I  4412.15 
G    8  4415^28 


F    4  4422.40 

F    3  4430.35 

G   10  4435-68 

Rev.  I  44.38.30 


G   10  4442.77 

Br.       2    4445-46 
F         3    4447-04 


3    4383-85 


F         I  4392.40 

F         7  4.'?9-;-07 

Edge  4396.01 

F         5  4400.71 

Br.      I  4402.57 

G  Max.  4404.78 


3    4375- 


P       3      4384-08 


..J 


Edge        4409-58 
Rev.    I     4412 
G        5    4415 


G 


6    4418.04 


\V  4    4422 .  60 

F  I    4426.76 

F  4    44.30-70 

\V  Max.  4435-43 


Br.      2    4439.65 

F         8    4442.80 
Br.      I     4445-46 


W       6  4394-67 

Edge  4395-78 

F         4  4400.71 

G        8  4405.06 

F         6  4408.70 

Edge  4409.00 


6    4415-43 


F        3    44.30.72 
G        8    4435-47 


Br.       I     44,39-12 


5     4442-79 


2    4445-79 
2     4447-42 


3    4.384-39 


P         4    4389. 
F         3    4391. 


9    4394. 
4    4395- 


Edge  4395 

G        6  4400 

Br.      2  4403 

[F       7  4405 

F        6  4408 


5-47  ] 


Edge  4409- 
F  2  4412. 
G         5    4415- 


3  4422.71 
2  4426.10 


[F      4    4431-13  ] 
G        8    4435-82 


Br.  2  44.39-21 

G  8  4443-26 

Br.  2  4446.10 

F  3  4447-55 


4363-6 
4366.9 
4367.6 


4374-8 
4375-7 


4.384-1 


4390.8 

4395-^ 
4395-7 

4400.6 
4403 -o 
4404.8 
4408.8 

4409.4 


4415.4 

4418. 1 

4422.6 
4426.2 

4430.6 
4435.4 
44.37-4 

4439-3 


4445-7 
4447-3 


Fc. 


Cy.  Cr. 


Cr.  Fe. 


Fe. 


Fe. 
W  ? 


Cr.  O  in  sun. 
Fe. 

Fe..  Ti. 

Fe. 
V. 

Fe. 
Ca. 


UNIVERSITY  OF  AIICHIGAN 
ABLE  III.    MEAN  WAVE-LENGTHS.    CLASS  R-Continukd. 


+  42'2&U. 


10   505; 


+  5"  5-'-'.?. 


-f  -'o"  51)71. 


+  34    1929. 


136 
137 
138 
139 
140 

141* 

142 

143 

144 

14.= 

146 
147 
148 
149 
I  .SO 

151* 


173 

174* 

175 


CH.\R-\CTER, 

INTENSITY, -.^Nl) 
W.WK-LKNCTIl 


CHAR.^CTER, 

INTENSITY,   AND 
WAVE-LENGTH, 


CHARACTER, 

INTENSITY,   ANll 
WAVE-LENGTH. 


CHARACTER, 
INTENSITY,   AND 
WAVE-LENGTH. 


CHARACTER, 
INTENSITY,   AND 
WAVE-LENGTH. 


P     2   44.iO.79 

VV   4  4455-1; 


\V   5  4461 


V 

Str. 


P  3  4466 

F  I  44(18 

F  2  4469 

F  I  4470 

F  2  4473 

F  6  4481 

F  4  4489 


F  4  4501 
F  3  4507 
N   6  4513 


2  4523 


4525 
3  4526 


4536 


87 


6  4450 
2  44S4 
2  4457 


4  4461 

3  4461 

5  4468 

2  4471 


8  4481 
3  4484 


F    6  4489 


3  4494 
3  4497 


G  9  4501 

Br.  ?  4506 

F  3  4508 

F  8  4514 


F  4  4522 

P  4  4527 

P  5  4530 

P  5  45.^4 

BI.  3  4540 


65 


55-81 


F   4  4461.76 


F    3  4450 


2  4457 

2  4461 

3  4463 


W  5  4465 

P    2  4466 


G    6  4481.38 
P    4  4489-54 


4  4404-67 


F    4  4501.37 
P    3  4506.45 


W   8  4513-79 

F    3  4519.20 

4523-36 

W   8  4530.52  1 
4.5.36.03  J 

w  4  4540.74 


3  4469 


P    2  4481 

F    4  4489 

F    2  4491 

F    3  4496 

F    2  4501 

4512 

2  4518 


4  45^6 


F    3  4449-84 


P    4  4462 


P  4  4469 

P  2  4474 

F  4  4481 

F  3  4489 


G 


W   3  4495 
F    4  4498 


4  4501 


F    7  4513 
P    3  4516 


3  4526 


4536 


CH.\RACTER, 

INTENSITY,    AND 
WAVE-LENGTH. 


4461 


F    6  4470 

N     2   447 

F    4  44S1 


F  3  4494 

F  3  4498 

F  4  4501 

G  6  4514 

F  3  4518 

F  3  4 


F    4  4, 
F    5  4, 


PUBLICATIONS  OF  TIIK  OllSHRN'ATORV 
TARLE  III.    MEAN  WAVE-LEN'CTHS.    CLASS  R— Continuku. 


+  6r  f/)-. 


CHARACTER, 
INTENSITY,   AND 
\VAVE-I.KN<'.TII. 


I'"    .1  4-449.  «3 


4  44'il- 


Br.   2  44f'3 
4464. 

F  ^   4466. 


F 


4  447 


P  5  4481 
F  ^  4484. 
F    3  4489. 


44'j6 

F    3  4501 . 
F    4  4506. 


6  4526 


4  45.-4 
4536. 
Br.   I  4537 


-3  K'S.S. 


character, 
intensitv,  and 
\vave-i.i;nc.tii. 


F    3  4450.4" 
■\'    4  4455- '4 


(-,    ;  44f^i 
Br.   2  4464 


4471 
4475 


X    3  4481 


4494 
4496 


F    4 
F    3 


W   8 


4501 
4507 

45" 
4514 

4516 


3  4523 
I  4524 

3  4526 


45,l6 
Br.   2  4.538 


4-  57  702, 


CHARACTICR, 
INTENSITV,   AND 
WAVE-I.ENOTH. 


3    44.50.21 
3     4455-43 


7  4461.74 

2  4464.33 

3  4466.09 

3  446-).  28 

4  4476.02 
3  448 1., T I 


4  4501-39 
3  4506.83 


3  4511-24 
6  4514.42 


3  4522-76 

2  4524-55 
I  4525.9= 

4527-75. 

3  4531.7' 


.?--oSj 


+  14"  2048. 


CHARACTER, 
l.NTE.NSITV,    AND 
\VAVE-I.KNC.T1I. 


F    3  44.50.61 
F    4  4455-54 


6  4462.10 

1  4464.01 

2  4466.66 


\    5  4469-94 


4471 -.^o 

3  4476. 2q 


4  4482. 


F   5  4501.88 
F   3  4506-96 

4512-37 
\V   9  451409 


4516.66 
45'8-.S3 


2  4523-27 


F    4  4527-52 
F    5  4531-42 


4537 -f'6 
Br.   3  45.^8.72 


.Mi:\\    ASri    IDENTMICATIOX. 


ANGSTRO.MS. 


4450-3 
4455-2 


4461.8 
4464.0 


4466.2 

4468.7 
4469.6 

4470.7 
4471-6 


4481-4 
4484-5 
4489-7 

4491.4 


4501-4 
4506-8 
4507-9 

4514. 1 


4523-1 
4.524-7 


4527-0 
4531 -- 


45.^6.6 
45.^8-2 


Ti. 
Ca. 


Fe. 
Ti. 


Ti, 

Cr.  Fe. 
.\i. 

Fe. 

Ti.  Mag. 
Fe. 
Cr.  Fe. 


Fe. 
[  X.  V. 

Cr. 

C.v- 
Ti. 


Ti. 
V. 
Cr. 

Ti.  Ca. 
Cr.  Fe. 

Ti. 
Ti. 


UNIVERSITY  OF  MICHIGAN 
"ARLE  III.    MEAN  WAVE-LEXGTHS.    CLASS  R— Continuep. 


i8i 
182 
183 
184 
185 

186 

187* 
188 
189 
190 

191 
192 
193 
194 
195* 

196 
197 
198 
199 
200 

201 
202 
203 

204 
205 


207 
208 
209 
210 

211 
212 
213 
214 

215 

216 
217 
218 
219 
220 

221 
222 
223 
224 


+  42°  281 1. 


CHARACTER, 

INTENSITY,  AND 
WAVE-LENGTH. 


vv     4  4542 

F    3  4545 


2   4560 


\':i\:  4564 


2  45/1 

.;  4:;6 
2  4580 


P  3  4592 

F  3  4596 

F  4  4605 

Dif.  3  4613 

F  2  4619 

W  3  4626 

W  4  4630 


10  5057. 


CHARACTER, 
INTENSITY,   AND 
WAVE-LENGTH. 


F  3  45-12-18 

F  3  4545-44 

F  4  4S4Q-6 

F  3  4553.48 


6  4564.65 


F  4  4571.81 

F  3  4576.85 

P  I  4580.82 

F  4  4584 . 19 

P  3  4587.23 


2  4592.64 

2  4594.80 

2  4597-03 

3  4601.07 

2  4603.34 

5  4605.78 

4  4612.67 

3  4614.97 

4  4619.36 

3  4623.43 

2  4625.99 
4628.87] 

4  4629.26]' 
7  4631.26 

6  4633.46 


5     522.^. 


CHARACTER, 

INTENSITY,   AND 
WAVE-LENGTH. 


4545 
4546 


3  4550 

4551 


F    4  4560 
F    3  4564 


F  3  4572 

F  3  4577 

F  2  4579 

F  3  4585 

Br.  2  4589 


P    3  4603 
F    4  4605 


P    3  461 


F   4  4619 


3  4626 
3  4628 


38 


68 


48 


20  507 1 . 


CHARACTER, 

INTENSITY,   AND 
WAVE-LENGTH, 


F  4  4544.24 

W  5  4548 

F  2  4555 

Br.  I  4563 

F  3  4566 


3  4572 


F  2 
Br.  ?  2 
G    4 


Dif. 


597 

599 

4601 


4624 


56 


CH.\RACTER, 
INTENSITY,   AND 
WAVE-LENGTH. 


F    3  4541 
F    2  454S 


3  4 


Edge   4553 


Br. 


4564 


I  4567 
3  4568 

6  4576 

3  4580 
4585 


4506 


4606 


CHAR.\CTER, 
INTENSITY,   AND 
WAVE-LENGTH. 


F    3  4545 

4548 

P    4  4549 
F    5  4552 


P    3  4571 
F    6  4576 

F 
F 
F 


F  2 

F  2 

F  4 

F  3 


rLl'.I.IeATlOXS  OF  Till-:  ()1!SERVA'1\)RV 
TAI5I.H  III.    MKAX  \VA\  E-LENC.THS.    CLASS  R— CoxTiNUEn. 


123 


+  61°  667. 

-3°>685. 

+  57'  702. 

-f  14°  2048. 

MEAN    AND    IDENTIFICATION. 

NO. 

CH.\RACTER, 

CH.\RACTER. 

CHARACTER, 

CHARACTER, 

INTENSITY,   AND 

INTENSITY,   AND 

INTENSITY,   AND 

INTENSITY,   AND 

ANGSTROMS. 

KLE.MEST. 

W.WE-LENGTH. 

WAVE-LENGTH. 

WAVE-LENGTH. 

WAVE-LENGTH. 

iSi 

X 

4     4541.08 

1--            i      4542.08 

F        3    4542.15 

182 

183 

V        3    4545-66 

F 

3     4545-74 

F        5    4.^45-30 

]■■        3    4546.07 

4545  •  5 

V. 

184 
185 

Br.      2    4547.80 

Br. 

2    4547.72 

186 

45-18.89 

187* 

1"         3     4549-74 

F 

3     4549.50 

F        4    4550.13 

4549.8 

V.  Ti. 

188 

4552.03^ 

189 

F       10    4552.96  1 

Str. 

4552.91  » 

\V       7    7452.25  I 

Str.          45.52.98  I 

4553-4 

Cy. 

190 

4554 -58  J 

4555.00  f 

4553.76  \ 

4554-01  S 

4555- 

191 

4559.51 

192 

C.        6    4560.42 

W 

8    4561.60 

\V       6    4561.43 

F        6    4561. 1 1 

4560.7 

V. 

193 

4563.91 

4563.40 

194 

Ti. 

195* 

Dif.     4    4564.51 

\V     3  4565.18 

4564-8 

Fe. 

196 

F 

2    4566.12 

197 

Br.      3    4568.00 

Br.      I     4567.35 

4567-7 

198 

199 

F         3    45;i.S7 

F 

6    457-^.00 

\v     5  4571.95 

\V       4    4572.00 

4571-9 

Ti. 

200 

F         5    4576.40 

F 

5    4576.45 

W       6    4576.43 

F        4    4576.75 

4576-7 

201 

4580.4 

Cr. 

202 

F         6    4586.73  * 

F 

3    4587.46 

W       4    4586.36  ) 

\V       4    4.^87.59 

203 

4587.56  *' 

4588.52  ( 

204 

Br.      2    4591.01 

4589-9 

205 

Cr. 

206 

F         2    4593.62 

F 

3     4593.30 

F         3    4592.97 

P        2    4593.63 

4593-8 

y. 

207 

208 

F         2    4597.54 

4597-3 

209 

210 

4601.51' 

P 

4    4601.12 

F        3    4601.41' 

4601.4 

Cr.  ? 

211 

W       8    4603-03 

4603-2 

Fe. 

212 

W       6    .1605.28 



4605.6 

Cy. 

213 

4607.25 

4606.28  i 

214 
215 

F        2    4612.98 

4613-2 

Fe. 

216 

W 

5    4614.57 

W       6    4614.55 

F         3    4614-68 

4614.7 

217 

Br.      2     46i7.'50 

Ti. 

218 

.P 

3    4620.45 

4619-7 

V. 

210 

W       4    4623.19 

220 

F         3    4625-39 

221 

4626.1 

Cr. 

222 

4628.9 

Cr. 

223 

224 

Di  t.     7    46;~3 .  56 

\V       5    4632.00 

F        4    46.^^.16 

4633-3 

Fe.  Cr. 
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UNR'ERSITY  OF  MICHIGAN 
TABLE  MI.    ME.W  W.WE-LKXC.THS,    CLASS  R— Continueu. 


+  42°  281 1. 


CH.\R.\CTER, 
INTt:NSITV,   .\ND 
W.WE-LENGTH. 


m. 


C, 

Hea- 


W 
Edge 


5     464S . n 1 
5     4656.5,^ 

4660.01 

4  4668.10 
3  4680.85 


3     4696.90 


7     -471.^  04 

3  4722. 6K 

4  4728.83 
-1736.. ?6 
-17,57  ?,- 

7  -J74,?.8o 
474  .^-.^O 

I     474S-78 


Dif. 


I     4762.^5 
5    4765.13 


47S3..v~| 
4787.63  f 


—  10   505; 


CH.\R.\CTER. 
INTEiNSlTV,    .X.ND 
W.AVE-LENGTH. 


F  3  4640.58 

Br.  I  4642.7s 

F  6  4647.13 

F  5  4656.52 


4  4696.7 


I'   10  4714.0; 


E         3    4728.77 
I',  4736.02 

Hiail        47.57.47 


F         2     4745.86 


4756.30 


2  4762.50 
4  4763-78 

3  4765.46 

3  4771-37 


+  ; 


22i. 


CH.\R.\CTER, 
I.MTENSITY,   .\N': 
W.WE-LENGTH, 


4640.63 


5    4646 . 50 
4     4656.54 


2  4663.23 
■I  46-8.33 

3  4684,22 

4  4698.14 

9  47I4-8* 

4  4722.61 

3  4-28. 7'J 
4636. 


F         6     4743-71 
EfE'C        4744- -fO 


4     4765-06 


P 

2  4772.18 

F 

2  4775. « 

F 

3  4775-24 
4780.25 

P 

F 

3  4783-45 
3  4786.30 

+  20°  5071. 


CH.\R,\CTER, 
INTENSITY,  ,^,^•u 
W.WE-LENGTH. 


3    4641.63 


4658. 3S 

4664,7,5 


4699.05 
4709.04 


4716.87 
4724.29 

47,W.n3 

4738.81 


2      4783 . 19 


CH.\R,\CTER, 
I.NTK.VSITY,   .AND 
W.WE-LE.NGTH. 


6    4697-3-! 


F  6 

F         3 

F         3 

C 

Head 


G        7 
E.lRe 


4715-01 
4 722., 57 

4728.  r^, 
47.56.42 
4737,27 


4743,65 
4744.66 


3  47.W.62 


F    3 

F    2 


4754-94 
4757-17 


4762.97 
3  4765-9 


n 


4767.66  J 


3  4784-24 


10  513- 


CH.\R.\CTER, 
IXTE.NSITY,   .VND 
W.WE-LENGTH. 


F    3  4637-14 
F    2  4640. 18 


4713-45  I 
F    6  4714.48  1' 

4721 .61 

5  4727.65 
'_i  10  4736.11 
Head        4737-07 

C         8    4743.66 
Edge        4744.80 


4761.79  ) 


\V        3     4764.06 


I'l  r.l.KATK  ).\S  Ol'   'I'lll',  ()i;SKRVATORY 
TAIU.K  111.     MI"..\X  \VA\  IMJCXCTllS.    CLASS  R— Continukd. 


125 


+  61°  667. 


CIl.VRACTKR. 
I.NTK.NSrrv.   AND 
W.WE-Lr.NCTlI. 


2.'6 
22  7 

228 

2.'9 

230 

2.V 

2.^-1 
2.^5 

236 
237 
238 
239 

2^0 

141 

242* 
24.^ 
244 
24.^ 

246 

247 

24S* 

240 

2^0 


25.3 
2?4 

2,;6 

257 
25S 
2.=;9 
260 


263 
264 
265 

265 
267 
268 
269 


F  3  4fi.V-i'J 
F  3  4640.61 
Br.   2  4643.  oS 


■3°>685. 


CH.\R\CT1-R, 
INTKNSITY,   AND 
WAve-I.KNGTH. 


4     4694-24 


!••         6 
F         6 


4715- If 
4722.4^ 


F         6    4736.62 


Head        4737-7" 


Br.      3 
G        10 
Edge 
Br.      2 

F         6 
Edge 


47.V)-7i 
4743-60 
4745-40 
4747-63 


4751-51 
47.^3-31 


3     4636 . 6S 


3     4656 -88 


Xcli.         4766.51 

F         3    4772.. W 

Br.       2     4777 -S5 

4780.1.5 

Neb.   4    4787.23 1 


+  57°  702. 


CIIARACTKR, 
INTK.NSITY,    AND 
WAVB-LK.NC.Tll. 


P  3  4729-17 
F  6  4736.5') 
Head        4737-67 


C,  10  4743- '7 
Edge  4745-1! 
Br.      3    4747-46 


(',       10  4751.02 

Edge  4752.45 

Br.      3  4755-32 

F         3  4758 -.38 


F         3     4765.98  ; 

I 

I 

F        2    4772.3--' 
W       5     4787.02^ 


+  14"  2048. 


CHARACTER, 

INTENSITY,    AND 
WAVE-I.ENC.TIl. 


3     4645.96 


F        6    47.^6.56 


O       10    4743.20 
Edge        4745-14 


C        10    4751.05 
Edge        4752-91 


\V  3  4764-79 

F  2  4772.30 

Br.  2  4775.26 

F  3  4784.77 


\V       6    4736.9" 


Head 

4737.92 

Br.      2 

473') -61 

C,        10 

4743.60 

4745- M 

Br.      3 

4747-78 

Edge 


4758.58 


P         2    4765.92 
P         3     4772.91 

F  4786.6) 


MEAN    AND    IDENTIFICATION. 


ANCSTROMS. 


4637.0 
4640.7 

4642.9 

4656.6 


4668.2 
4697 ■ 2 

4714-8 
4722.3 

4728.6 


4736. ) 

4737-6 

47.W.7 
4743.6 
4745.1 
4747-6 


4751 -I 
47.52.8 

4758.0 


4762.4 
4765.3 


Ti.  Cr. 


Fe. 


C.  Ni. 
Zn. 

Fc. 
C. 
Cr. 
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rXRERSITY  OF  MICHIGAN 
TABLE  III.    MEAX  WA\E-LEXGTHS.    CLASS  R— Continued. 


273 
2/4 

2/5 

276 

277 

278 

279 
280 

281 
282 

283 

284 

285 

286 
287 
288 
289 

290 

291 
292 

293 

294* 
295 

296 

297 
298* 
299 
300 

301 

302 

303 

304* 

305 

306 
307 

30S 
309 

310 

31 1 
312 
313 
314 


42' 281 1. 


CHARACTER. 
INTENSITY,   .XND 
W.WE-LENGTH. 


4793 

F    3  4799 


Dif.  3  480: 


P 
Dif. 


Str. 


3  4824 

3  4833 
3  484 


2  4848 
4  4855 

3  4861 


4870 


4877 

4884 
3  4886 

4892 


3  49" 


4917 
4920 


!9l 


10^  505; 


CH.\R.\CTER, 
INTENSITY,   AND 
W-\VE-LENGTH. 


P    3  4792. 40 J 

F    3  4799-09 

P    3  4804.80 

P         2  4811.78 

P         3  4817.03 

3  4824.72 

3  4826.66 

2  4828.89 

4  48.^6.83 

2  4843.75 

3  4848.76 

4  4855.05 

2  4865.81 

4  4871.41 

3  4875.54 

3  4881.29 

4  4886.23 

2  4889.28 

3  4900.79 

4  4910.69 


+  5'  '^223. 


CH.\R.\CTER, 
INTENSITY,   AND 
WAVE-LENGTH. 


4792 

F    4  4799 


48. 


3  4833 
3  4838 


4848 

4860 


4  48; 


3  4886 

3  4892 

F    2  4903 

F    3  4911 

G    4  4920 


20  5071. 


CHARACTER, 
INTENSITY,  AND 
WAVE-LENGTH. 


2      48 


4856 
4861 
4866 


2      4S7 


4     4886 


4896 


3  4905 

4  40T5 


-1-34"  1929. 


CH.^RACTER, 
INTENSITY,   AND 
WAra-LENGTH. 


F     3 
F     3 


P     2 
F     2 

Br.   I 


3  487 


4838 
4841 


4855 
4861 
4866 


489: 


niL  4 

G   4 


F    4  4921.70 


CH.\RACTER, 
INTENSITY,  AND 
W.UX-LENGTII. 


F  3 
P  4 
F    I 


F  3  4877 
F  4  4886 
F    3  4892 


F    4  4020 . 67 


I'linjCATlOXS  OF  Till-:  ()i;SI':R\AT(JKV 
TAIU.E  lir.     MPIAX  WAVE-LEXC.TIIS.    CLASS  R-CoNTiNui-n. 
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+  61°  667. 


CIIARACTl-R, 

INTl-NSITY,   AND 
UAVIC-I.KNGTII. 


47Q2.20J 
r,r.       -'     4795-21 
W        4    4799-34 

.       2    4803.00 


3     4S11-45 


2     4818. 1.T 
4     4823.28 


F         4 


4832.57 
4842. 8.J 


-  3°  i<>85. 


CilARACTKR, 

intknsitv,  a.n  i) 
\vave-i.i:nt.tii. 


2    4793 -S3  J 
4    4798.99 


4805.81 


1  4811.23 

2  4810.46 


llr.      2     4S19-32 
F         4    4822.57 


\N'   3 


4848.78 
4855-64 
4861.14 
4865.68 


F    3  4875-15 


4  4886.29 


F    5 
3r.   2 


4891.51 
4892.13 


4902 . 89 


2  48-7.16 

2  4832.19 

5  -^839.40 

6  48.13.10 
4  -;845.58 

4  48.5-1.  ;6 

5  4S'30.9i 


2  4871.77 

3  487.-1-25 

3  4881.34 

3  488.'').  23 

4  48JI.0: 


2  4808.29 

3  4901.69 


3  4905.74 

4  4910.97 


+  57    702. 


CHARACTER, 
INTK.NSITY,   A.Nl) 
VVAVK-LKNCTH. 


F    3  4708.84 


4818.72 
.;822.70 


4828.32 
4833.24 


3  48|3.''i9 

3  48.54.74 

3  48^11.38 
2  4866.58 

2  4868.(12 

1  4872.15 

4  4875.90 

3  4S8 1 . 0() 

4  4886 . 20 

2  4890.85 

3  4896.78 

3  4901.08 

2  4906.64 

4  4911.33 


+  14'  2048. 


CHARACTKR, 
l.NTtXSITV,  AND 
WAVK-LK.N'CTH. 


3  47)9.64 


3  4815.50 


l!r.   3  4820.22 
1-    4  48-'2.52 


F    3  4828. 58 
F   2  4833.00 


!•'  3  48-13.. '8 

S  2  4847.72 

P  2  4851.95 

\V  4  4862.35 


3    4875.77 

2  4881.25 

3  4886.57 


48119.51 


4     4921.64 


MK.W    A.Vn    IDENTiriCATION. 


A.NC.STKO.MS. 


481  I .5 
4816.5 


4822.9 


4828.2 
4832.8 


4843.6 

4848.6 

4855-4 
4861.3 


4871.9 
4875-7 

4881.2 
.4886.2 


4906.0 

491 1. 0 


H/3. 
Xi.  ? 


\'. 

Fe. 

\-. 

V. 

? 

Fc 

V. 

\". 


V. 

Fe. 
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UNIVERSITY  OF  MICHIGAN 
TABLE  III.    MEAN  WAVE-LENGTHS.    CLASS  R— Coxtinued. 


+  42=2811. 

—  10"  5057. 

-5  .=--v.. 

^20-  :.,7I, 

+  34'  1929. 

—  10=  513. 

.NO. 

CH.\R.\CTER. 
INTENSITY,   .^xn 
WAVE-LEXCTH. 

CH.\R.\CTER, 
INTENSITY,   AXD 
WAVE-LENGTH 

CHAR.\CTES, 

INTENSITY,   AND 
WAVE-LENGTH. 

CHARACTER, 
INTENSITY,   AND 
WAVE-LENGTH. 

CHARACTER, 
INTENSITY,   AND 
\VA\-E-LENGTH. 

CHAR.\CTER, 
INTENSITY,   AND 
WAVE-LENGTH. 

31S 
319 

320 

323 
324 
325 

326 
327 
328 
329 

4926 

W        4     4939 

F         4    4957 
Dif.     2     4969 

W       5    4984 

F        4    5006 

01 

86 

74 

09 
89 

F         3    4933 
P         4    3937 

F         3    4957 

0       4   4983 

77 
84 

77 

ig 

P            2      3940 

F         4    4938 
F         3    4965 

F         2    4978 
F         4    4984 
F        3    5006 

21 

20 
72, 

07 
06 

70 

F        6    4931.06 
F         5    49-85 -68 

F        4    3938 
P         3    4984 

19 
96 

I'll'.I.H'ATIoXS  OF  Till-:  ()i;SKRVAT()KY 
T.MU.K  111.    MKAN  WAVE-LE.\C.THS,    CLASS  R-Continued. 
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4- 61°  667. 

-3°  1685. 

+  57°  702. 

■f  14°  2048. 

MEAN    AND    ll'ENTII-ICATION. 

.NO. 

CIIAR.\CTER, 

INTKNSITY,   AND 
WAVli-LENGTH. 

CllARACTKR, 
INTENSITY,   AND 
WAVK-LKNGTH. 

CHARACTER, 
INTENSITY,   AND 
WAVE-LENGTH. 

CHARACTER, 
INTENSITY,   ANU 
WAVE-LENGTH. 

ANGSTROMS. 

ELEMENT. 

316 
317 
318 
319 
320 

321 

3-'4 
3-'5 

320 
3^7 

},2^ 
329 

F        2    4929-76 
F        2    4932-25 
F        6    3936.63 

3054-30] 
49W.-7 

VV       6    4977.62' 
Kiv.     I      41X2. nS 

F         6     4985.74/ 
4990.65  ( 
F         3     5000.61 

W       4    393- 

!'■         4    4977 
r.i-.       1     4.)S2 

F         6    498ri 
F        5    500 1 

69 

85 

63 

20 

W       4    3935 

\\'       3    4958 
I"         3    4968 

W       5    4987 

74 

9) 
38 

40 

4958.2 

4977.8 
4982.1 

Fe. 

Ti.  Fc. 
Ti. 

I30 


UXI\'ERSITY  OF  MICHIGAN 
TABLE   I\'.     \VA\  F.-LEXGTHS.     Cl.A^.,    \. 


26 


28 


45 


+  76°  734. 


+  34°  4500. 


CH.^R.\CTER, 

INTENSITY, 

.AND   W.WE-LESGTH. 

End 

4242.98 

P 

5 

4247.68 

F 

I 

4251.08 

P 

5 

4254-12 

P 

6 

4258.86 

P 

2 

4260.69 

F 

5 

4262.94 

F 

4 

4271.91 

F 

6 

4275-41 

F 

4 

4277.70 

P.r. 

2 

4278.74 

F 

3 

4280.81 

F 

3 

4283.10 
4288.52 

F 

6 

4289.37 

F 

3 

4291.90 

4292.50 

F 

3 

4294-93 

G 

6 

4307.00 

F 

3 

4319.04 

P 

3 

4321.51 

G 

10 

4325-47 

F 

3 

4330.13 

P 

3 

4333-85 

F 

2 

4337-76 

Br. 

? 

4339-62 

F 

2 

4341.70 

G 

3 

4348.06 

G 

8 

4351-90 

F 

3 

4355-97 

F 

9 

4360.46 
4365.16 

F 

6 

4368.48 

F 

T 

4373.13 

p 

3 

4376.09 

Br. 

I 

4377-98 

F 

:; 

4380.64 

G 

" 

4384.50 

F 

4 

4390.27 

G 

8 

4395-01 

CHAR.VCTER,    INTENSITY, 
ASD   W.WE-LENCTH. 


CH.\R.\CTER,   INTENSITY, 
AND   W.WE-LENGTH. 


4306.70 
4318.82 


4338. 28 


4347-53 


4400 . 56 


4384.21 
4385.27 

4387.44 
4390.04 
4394-99 

4400.30 


P 
F 
F 

W 

\V 


Head 


F 
F 
Br. 
F 


4334-05 
4339-22 


4346.22 
4347.98 
4351.96 

4360.38 
4368.37 

4375.94 

4385-42 


4390.44 
4.^94-86 
4402.62 
4400.29 


I'ri'.l.irATK  ).\S 
TAIMJ':  1\.    \VA\K-I 


<  >1"  Till'".  (  )i;Sl':k\  AT(H<V 
HXC.TIIS.    t'LASS  N— CoNTi.NUEn. 


'3' 


87 


19    IMSCIUM. 


+  76°  734- 


CHARACTER,    INTENSITY, 
AND   VVAVK-LENGTH. 


CHARACTER,    INTENSITY, 
AND   WAVE-LENGTH. 


G  6  4404.92 

F  5  4408.62 

I'  2  4412.61 

F  4  4415.31 


F 
F 

P 
F 

F 
F 
Br. 
G 


F 
F 

F 

F 

Br. 

F 

P 


4417.34 
4420.95 

44^3.21 
4426. 10 

4428 . 00 
4430.05 
4432.34 
4435.46 


4450.36 
4455.80 

4459.72 
4462 . 04 
4463.95 
4465 . 70 
4468.64 

4471.50 


4476.39 
4480.23 

4489.60 
4493.80 
4496.97 
4501.51 

4501.81 
4506.88 
4513.04 
4518.47 


4523.30 

4527.87 
4531.45 
45.^5.47 


w 


4404.86 

4408.47 
4412.01 

4416.37 


4422.26 


4429.74 
4435-48 


4450.25 
4455.20 

4462.11 

4463.86 
4468.84 


4476.18 
4480.53 

4489.18 

4494.50 
4496.83 
4501.65 

4506.81 

4512.83 

4518.63 

4520.10 

4522.97 

4527.31 
4535.28 


+  34°  4500. 


CIIARACTEB,    INTENSITY, 
AND   WAVE-LENGTH. 


Br. 


Edge 
F 
W 
F 


4405.19 
4408.64 


4422.16 


G 

4 

4427.65 

F 

3 

4430.33 

Br. 

4432.71 

G 

8 

4435-72 

F 

- 

4438.59 

Br. 

4439.56 

W 

6 

4443.08 

F 

2 

4447-44 

G 

5 

4450.40 

P 

4 

44.55.98 

F 

6 

4462 . 1 1 

Br. 

4464.33 
4465.61 

4472.21 
4473.04 

4480.39 

4487-47 
4489.58 

4496.92 
4501.44 

4501.90 
4507.00 
4513.70 
4518.63 


4.523.30 
4526.06 
4528.17 
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19   PISCIUM. 


76'  734- 


+  34°  4500. 


CHAR.\CTER,    INTENSITY, 
AND   W.WE-LENGTH. 


CH.\R-\CTER, 

INTENSITY, 

AND   WAVE-LENGTH. 

5 

4540.95 

4 

4545-74 

3 

4549-11 

9 

4553-34 

4 

.1560.26 

4 

4564-06 

4570-34 

4577-20 

4 

4590.86 

2 

4593-94 

I 

4597-37 

2 

4600.58 

I 

4603 . 18 

10 

4606.60 

I 

4610.45 

2 

4613-45 

2 

4616.22 

4 

4619-52 

4 

4629.12 

6 

4635-30 

5 

4640.29 

4644-03 

8 

4646.28 

6 

4657.18 

5 

4668.04 

4 

4682.27 

4698.21 

3 

4704.40 

8 

4714-43 

6 

4722.83 

CH.ARACTER,   INTENSITY, 
AND   WAVE-LENGTH. 


91 
92 

93 
94 
9S 

96 
97 
98 
99 
100 

lOI 

102 
103 
104 
105 

106 

107 
108 
109 
no 

III 
112 

"3 
114 
"5 

116 
117 
118 
119 
120 

121 
122 
123 
124 

I2S 

126 
127 
128 
129 

131 
132 
133 
134 

135 


Br. 

G 

F 

F 
G 
P 
P 
W 


W 
F 

W 

w 


4538.14 
4540.71 

4545-81 


4549-72 
4553-85 
4560.04 
4563-44 
4564-68 

4565.10 


4571 
457 


71.92) 
76- 78  J 


4606.72 


4616.48 
4619.96 

4629.38 
4632.61 

4637-35 

4640.47 
4642 . 22 

4646.55 
4656.94 

4663-34 
4668.85 


4704.04 
4707.42 
4714.62 
4722.97 
4729-43 


Edge 

F 
G 

F 
G 
F 
F 


G  Max. 

F 
F 
G 

F 
F 


G 

Br. 


W 


4536.34  J 


4541-27 
4545-93 


4549-93 
4553-61 
4560.16 

4563-39 


4571-12 
4578-26 


4593-74 
4598.10 


4606.25 

4613-75 
4616.84 
4620.06 

4623.12 
4629.56 
4632.14 

4637-59. 

4640.65 
4642.67 
4644.11" 

4657-15. 

4663.55 
4668.77 

4695-78 


4714-14 
4722.88 
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136 
i.V 
■38 
139 
140 

MI 
142 

143 
144 
145 

146 
14; 
148 
149 
ISO 

151 
152 
153 

154 
155 

156 
157 
158 
1 59 
160 

161 
162 
163 
164 
165 

166 
167 

168 


173 
174 
175 

176 
177 
178 
179 
180 


+  76°  734- 


CHARACTER,    INTENSITY, 
AND   WAVE-LENGTH. 


CHARACTER,    INTENSITY, 
AND    WAVE-LENGTH. 


G 

Head 
F 


\e1). 


Head 


Red  Edge 

F 

F 

P 


4735-96 
4736.82 
4743-79 


4784-59 


4816.03 
4823.50 

4832.72 


4855-37 


4871.74 
4874-92 
4881.46 
4885.40 


4914-50 
4921-44 
49.M-35 
4940.12 


4981.30 


O 

Hc:i( 
C. 
!• 

!■ 

F 
F 
F 

W 

F 

nif. 

P 


4735-87 
4737.11 
4743-52 
4745-67 
4758.67 

4761.49 
4772.43 
4779 -3.* 
4782.33 
4784-75 

4789-54 
4791-18 
4799-69 
4805.75 


G 

4 

4815.82 

F 

5 

4822.80 

F 

4 

4827.82 

F 

:; 

4832.54 

F 

3 

4839-82 

P 

2 

4848.93 

I- 

3 

4852.18 

F 

4 

4854.78 

W 

4 

4865.66 

F 

4 

4875.54 

G 

4 

4881.74 

P 

4 

4891.02 

F 

3 

4900.72 

P 

3 

4905.33 

F 

2 

4910.28 

P 

4 

4914.40 

G 

4 

4920.73 

"   F 

4 

4934.22 

4957.16 
4966.86 
4980.33 

4986.42 


+  34"  4500. 


CHARACTER,    INTENSITY, 
AND   W.WE-LENCTH. 


4735.96 
4743.76 


4763.52 
4773.29 


4789.45 


4806. 84 
4812.13 

4816.24 
4823.44 
4828.36 
4833.00 


48.S4-28 

4865.47 

4868.48 
4872.02 
4876.03 

4882.13 

4891.43 
4902.77 


4921.12 
4934.64 


4950. 18 
4958.57 


4982.35 
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TABLE  IV.    WAVE-LENGTHS.    CLASS  N— Contlnuep. 


19    PISCIUM. 

-f  76°  734. 

+  34°  4500. 

NO. 

CH.\R.\CTER,    INTENSITY, 
AND    WAVE-LENGTH. 

CHARACTER,    INTENSITY, 
AND   W.1VE-LENGTH. 

CHARACTER,   INTENSITY, 
AND   WAVE-LENGTH. 

iBi 

W                 5              4988.20 

W                 5               5006.56 
F                   4               5014.76 

Red  Edge                      =5041.30 

F 
F 

F 

F 

4               4990.08 

4  4999-63 

5  5014-44 

6  50.38. 96 

F 
F 

182 

183 
184 
I8S 

186 

4               5000 
3               5014 

70 
62 

F 

Red  Edge 

F 

F 

W 


5095-29 
5167-95 
5182.71 
5192.91 

5205.82 


RADIAL   VELOCITIES 

The  accompanying  table  (Table  \'j  of  radial 
velocities  contains  the  results  obtained  for  10 
stars  belonging  to  Class  R.  Although  the  list  is 
not  large  enough  to  give  more  than  an  indication 
of  the  average  radial  velocity  of  the  class,  it  fur- 
nishes the  only  data  available  at  the  present  time. 

Column  I  gives  the  star's  designation ;  column 
2,  the  plate  numbers.  The  third  column  gives 
the  quality  of  the  stellar  spectrum,  S,  and  of  the 
comparison  spectrum,  C,  of  the  plate ;  G,  good ; 
F,  fair;  P,  poor;  W,  wide;  and  Dif.,  diffuse. 
Column  4  contains  the  number  of  the  lines  used  in 
each  plate.  The  radial  velocities  determined 
from  the  individual  plates  and  reduced  to  the  sun 
are  recorded  in  column  5,  also  the  probable  error 
based  upon  the  internal  agreement  of  the  veloci- 
ties given  by  the  lines  used  in  the  reduction  of 
the  plate.  Column  6  gives  the  adopted  radial  ve- 
locity of  the  star  reduced  to  the  sun  and  its 
probable  error.  The  last  column  tabulates  the 
residual  radial  velocity  after  deducting  the  com- 
ponent due  to  the  motion  of  the  sun  through 
space,  or  the  radial  velocity  of  the  star  reduced 
to  the  sidereal  system. 

The  number  of  "lines  for  radial  velocity  deter- 
mination of  star  —  10°  5057  recorde.d  in  the  table 
is  smaller  than  the  number  available  for  use  on 
the  individual  plates,  as  only  the  lines  giving  the 
best  results  on  all  the  plates  were  included.  Mak- 
ing use  of  27  lines  of  plate  2882  A,  30  lines  of 


plate  2997  A,  31  lines  of  plate  2914  A,  and  32 
lines  of  plate  2915  A,  the  result  gives  practical 
agreement  with  the  value  given  in  the  table.  The 
star  +  20°  5071  presented  some  difficulty  on  ac- 
count of  its  broad  absorption  lines  and  the  pres- 
ence of  bright  lines  near  some  of  the  lines  of  the 
standard  table.  The  probable  error  of  the  ve- 
locity of  this  star  indicates  that  the  close  agree- 
ment of  the  separate  velocities  derived  from  the 
three  plates  is  in  a  measure  fortuitous.  The  rel- 
ative velocity  of  this  star  with  reference  to 
—  10'  5057  was  determined  by  comparing  the 
displacements  of  20  lines  in  common  and  gave 
good  agreement  with  the  tabulated  values. 

The  radial  velocity  for  each  star  was  ob- 
tained by  weighting  the  plate  velocities  according 
to  probable  error  and  the  quality  of  the  plate. 
On  account  of  the  small  number  of  available 
plates  for  each  star,  the  probable  error  accom- 
panying the  adopted  value  of  the  radial  velocity 
of  the  star  was  based  upon  the  internal  agree- 
ment of  the  lines  of  the  individual  plates  instead 
of  following  the  ordinary  method  of  forming 
residuals  from  the  mean  velocity.  For  the  deter- 
mination of  the  residual  radial  velocities  the  apex 
of  the  sun's  way  was  taken  at  the  point,  a=  270°, 
8  =  -|-  30°,  and  the  velocity  of  the  sun  with  ref- 
erence to  the  sidereal  system  was  taken  to  be  20 
km.  per  sec.  This  is  the  position  of  the  apex  of 
tlio  sun's  way  and  value  of  the  velocity  of  the  sun 
through  space  favored  by  Boss  for  general  use 
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3094  T' 
3oq;  .\ 

3044  A 
3079  A 

3I26.\ 
3 1 27  A 
3134A 


+  19. o±  1.8 
+  17.6  ±2.0 

—  13.6  rt  2.6 

—  I0.6±  1.5 

+  3-5  ±  1-3 
+  5-9  ±2. 1 
+   2.6±  1.8 


+  .8. 


+   4.    ±1. 


STAR. 

PL.VTIC. 

yUALlTV. 

.NO.   OV 

I-LATIC 
V^XOClTY 

STAR 
VEUKITV 

RESIUUAl, 
RADIAL 

s. 

c. 

LINES. 

TO  SUN. 

TO  SUN. 

VELOCITY. 

D.M.+  42°28il 

3128  B 

F 

F 

32 

—  24.5±  1.3 

3135  li 

G 

F 

33 

—  26.0±  I.O 

3144  B 

G 

G 

37 

—  25.2=:  1.2 

—  25.2  +  0.8 

—    6. 

—  10  5057 

2882  A 

G 

F 

17 

—  43-2±  1.7 

2887  A 

G 

G 

18 

—  42.5±  1.3 

2914A 

G 

G 

20 

—  42.6±  1.3 

2915A 

G 

G 

21 

—  xt5.o±o.6 

2923  A 

P 

F 

14 

—  43.6  ±4.3 

—  43.8  ±0.5 

—  30. 

-i-   5  5223 

2988  A 

F 

G 

26 

—  26.0±  1.5 

2989  B 

F 

F 

26 

—  26.4  ±  2.2 

—  26.    ±1.1 

—  24. 

+  20   5071 

2966  C 
Remeas- 
ured. 

F 

G 

19 

—  49-8±  1.6 

—  48.4  ±2.2 

2967  .\ 

D 

F 

12 

-48.8-5.2 

2968  A 

P 

F 

14 

—  50.1  ±4.1 

—  49.    ±2. 

-38. 

+  34  1929 

3138  B 

F 

P 

33 

+  27.8±  1.6 

3143  A 

\V 

G 

26 

+  22.6±  1.5 

+  25.    ±1. 

+  20. 

—  10    513 

3055  A 

P 

F 

12 

+  21.9  +  3.9 

3063  .\ 

F 

G 

24 

+  19.8 -t  1.2 

+  21.    ±1. 

+   9- 

+  61     667 

3054  c 

F 

G 

16 

—   6.g-±  1.4 

3088  A 

W 

F 

7 

—   4-1  =3.5 

3089  .A 

F 

F 

21 

-  8.8  ±2. 1 

—   7-    ±  I. 

—  6. 

+  I. 


Average  velocities  considered  positive 


and  represents  a  compromise  between  the  results 
obtained  by  proper  motion  and  radial  velocity 
determination.  (Astr.  Jour.  28,  167,  1914.)  This 
direction  was  used  by  Campbell  in  his  solution  for 
solar  motion  by  spectral  types  {Lick  Observatory 
Bulletin,  No.  196,  127,  191 1.) 

At  the  foot  of  the  columns  are  given  the  aver- 
ajjes  of  the  radial  velocities  of  Class  R  stars,  23 
l<m.  per  second,  and  of  the  residual  radial  veloci- 
ties. 15  km.  per  second.  In  this  connection  it  is 
interesting.to  compare  the  average  radial  velocity 


of  8  stars  of  Class  N  determined  by  Hale,  Eller- 
man,  and  Parkhurst  and  exhibited  in  Table  W. 
The  average  radial  velocity  of  8  Class  N  stars  is 
1 1  km.  per  second.  The  residual  radial  velocities 
were  not  given  in  their  paper,  but  were  deter- 
mined by  the  method  given  above  for  the  sake  of 
comparison  with  the  results  for  Class  R  stars. 
The  average  residual  radial  velocity  of  8  stars 
with  spectra  of  Class  X  is  13  km.  per  second.  On 
account  of  the  small  number  of  stars  of  Classes 
R  and  X  for  which  the  radial  velocities  have  been 
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dcteriniiied,  their  averages  may  only  approxi- 
mately represent  the  classes. 

Average  residual  radial  velocity  of  lo  Class  R 
stars,  15  km.  per  sec. 

Average  residual  radial  velocity  of  8  Class  N 
stars,  13  km.  per  sec. 

TABLH  \'I.    RADI.AL  VELOCITIES,  CLASS  X. 


STAR. 

R.\UI.\L  VEUOCITV 

RESIDU.M. 
RADI.M,  VELOCITY. 

74  Schj. 

+    5  km. 

—  9  km. 

78  Sclij. 

—    I 

—  8 

115  Schj. 

—  13 

—  22 

13,2  Schj. 

—  28 

-38 

31S  Birm. 

—  10 

—   3 

152  Schj. 

+    I 

+  10 

19  Piscium 

—   2 

0 

280  Schj. 

—  25 

—  16 

Average 

(positive) 

II 

13-2 

For  the  sake  of  comparison  with  other  types 
the  following  table  is  inserted.  Part  of  the  data 
is  taken  from  Lick  Ohservatory  Bulletin,  No. 
196,  126,  191 1.  The  values  for  Classes  R  and  N 
were  added  by  the  writer. 

TABLE  VII.     RESIDUAL  RADIAL  VELOCITIES 
ACCORDING  TO  SPECTRAL  TYPE. 


SPECTR.AL 

NO.   OF 

.WER.^GE   RESIDU.^L 

TYPES. 

ST.\RS. 

E.ADI.\L   VELOCITY. 

0  and  B 

141 

8.99 

A 

133 

9-94 

F 

I.W 

13.90 

G  and  K 

529 

15-15 

M 

72 

16.55 

R 

10 

14.9 

N 

8 

13.2 

QUALITATIVE  RESULTS 

General  Characteristics.  The  general  features 
of  the  spectrum  of  Class  R  stars  have  been  given 
in  the  section  on  spectrograms;  here  we  shall  dis- 
cuss the  details  at  greater  length. 

The  most  conspicuous  feature  of  the  region  of 
the  spectrum  under  consideration  (violet  end  to 
A  5000)  >  'IS  previously  pointed  out,  is  the  broad 


absorption  band  with  head  at  A  4737,  usually  at- 
tributed to  some  form  of  carbon  compound.  The 
progression  of  intensity  of  this  band  in  the  spec- 
trum of  the  dift'erent  stars,  suggesting  an  evolu- 
tionary series,  has  been  used  to  establish  the  se- 
quence, +  42°  2811,  —  10°  5057,  +  5=  5223 
+  20°  5071,  +  34°  1929,  —  10°  513,  +  61°  667, 
—  3°  1685,  -f-  57°  702,  -f  14°  2048. 

In  general  the  spectrum  having  the  strongest 
carbon  absorption  band  shows  the  least  light 
action  in  the  violet.  It  is  interesting  at  this  point 
to  inquire  if  other  changes  can  be  found  accom- 
panying the  change  in  this  underlying  charac- 
teristic. 

Naturally  \\&  expect  the  color  index  to  indicate 
this  transition.  Data  are  lacking  excepting  for 
two  .stars  of  the  list. 


—  10  5057 
+  20'  5071 


COLOR    INDEX. 


1.09 
1.82 


These  two  follow  the  proposed  order.  The  visual 
colors  of  the  10  stars  as  recorded  in  our  observa- 
tional notes  appear  to  be  consistent  with  the 
sequence.  The  first  one  closely  resembles  the 
solar  type. 

Carbon.  Accompanying  the  increase  of  inten- 
sity of  the  A  4700  band,  a  peculiar  transformation 
takes  place  in  the  bright  region  of  the  spectrum 
adjoining  the  head  of  the  band.  The  absorption 
line  at  A  4743.6  grows  much  stronger  until  at  the 
middle  of  the  series  it  resembles  a  new  head  of 
the  band  at  A  4745.1.  Another  line  then  appears 
at  A  475 1. 1,  which  follows  a  similar  course  and 
at  the  end  of  the  series  appears  like  a  head  of  the 
band  at  A  4752.8.  No  explanation  is  here  of- 
fered. 

In  addition  to  A  4737  other  members  of  Group 
IV  of  the  Swan  spectrum,  AA4715,  4697,  4684, 
are  found  in  the  spectra  of  some  of  the  stars;  in 
other  cases,  especially  late  in  the  sequence,  they 
are  not  distinguishable  on  account  of  the  strong 
absorption  in  this  region.  Group  V,  AA4381, 
4371,  4365,  is  weak,  if  present;  lines  correspond- 
ing only  to  the  second  were  measured  on  any  of 
the  plates,  and  they  may  be  identifiable  as  a 
chromium    line    that    is    widened    in    sun    spots. 
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Cyanogen  Group  II,  AA  460(1,  4578,  4553,  4532, 
4515,  4502,  is  represented  in  all  of  the  stars  by 
some  of  its  lines.  The  intensity  of  the  first  of 
the  group  varies  greatly,  but  not  progressively ; 
A  4553  appears  to  grow  stronger  in  the  order  of 
the  sequence.  The  first  of  Cyanogen  Group  III, 
4216,  4197,  4181,  is  strong;  the  second  is  present. 
In  the  case  of  the  later  stars,  the  spectrum  is 
weak  in  this  region  and  consequently  the  inten- 
sity of  the  lines  cannot  be  compared  from  star  to 
star.  The  "chief  carbon  line  q"'"  A42G8  does  not 
change  appreciably  in  intensity  with  the  sequence, 
but  was  not  measured  in  all  of  the  stars. 

Chromium.  A  large  number  of  strong  chro- 
mium lines  appear  in  the  spectra  of  Class  R  stars. 
Many  of  them  are  identical  with  the  strong  lines 
of  Classes  I  and  II  of  the  electric  furnace  emis- 
sion lines  investigated  by  King.*'  We  note  espe- 
cially AA 4254.5,  42750,  4289.9,  43377.  (4339-6- 
40.3?),  4352.0.  4407-O,  4530-9,  4580.3.  Xo  sys- 
tematic change  in  intensity  can  be  detected.  Some 
of  the  strong  furnace  and  arc  emission  lines, 
however,  are  not  represented  by  absorption  lines 
in  the  stellar  spectra. 

I'anadiiim.  This  element  is  also  represented 
by  numerous  lines,  the  greater  number  of  which 
are  of  King's  classes  I  and  II.  The  table  of 
wave-lengths  indicates  the  lines  ascribed  to  \ana- 
dium.     No  progressive  change  is  noticeable. 

Iron.  A'umerous  iron  lines  are  present,  chief- 
ly of  King's  Classes  II  and  III.'^  The  most 
prominent  are  AA  4187.9,  4250.6  (blend),  4260.6, 

4271-9.  4325-9.  4404-9.  4415-3.  4494-7,  4S71-9 
(blend),  4920.7.  No  systematic  change  is  no- 
ticeable. 

Titanium.  The  presence  of  this  element  is  well 
attested.  Several  of  the  lines  show  a  weakening 
or  broadening  in  the  spectra  of  the  later  stars. 
Lines  of  Classes  I,  II,  and  III  are  most  numerous. 

Calcium.  The  line  at  A  4227  is  strong  and 
broadens,  passing  along  the  sequence.    The  H  and 

'■  Crew  and  Baker ;  At>.  J.  16,  67,  1902. 

"Lines  of  Class  I  are  relatively  strong  at  a  low  tem- 
perature (i90O°C)  and  strengthen  slowly  at  higher 
temperature.  Class  II  lines  appear  at  the  low  temper- 
ature and  strengthen  rapidly  with  increase  of  temper- 
ature.   Ap.  J.  41,  1915. 

"  Class  III  lines  are  absent  or  faint  at  low  tempera- 
ture (igoo'C),  appear  at  medium  ■(2200°C)  and 
strengthen  rapidly  at  higher  temperature. 


K  lines  appear  only  on  plates  of  the  first  star  of 
the  sequence. 

Nickel.  This  element  is  probably  present  giv- 
ing A  4470.7  in  some  of  the  stars.  It  may  con- 
tribute to  A  4714.6,  which  does  not  give  accordant 
values  of  the  wave-length  in  the  series.  A  4866  is 
very  uncertain. 

Magnesium.  A  4352.1  may  blend  with  chro- 
nuuni,  A  4351.9,  to  produce  the  strong  line  at 
A 4352,  which  decreases  in  intensity  along  the 
series.  A  4481  is  strong,  apparently  widening  in 
the  latter  part  of  the  series. 

Hydrogen.  Hydrogen  lines  appear  on  many  of 
the  plates,  but  they  are  not  strong.  H-/  grows 
poorer  in  the  later  stars,  where  it  can  scarcely  be 
separated  from  a  strong  line  at  A  4337.8  attributed 
to  chromium.  H/?  appears  as  a  good  line  with 
intensity  5  in  the  spectrum  of  the  first  star  of  the 
series.  It  was  not  measured  in  the  second;  it  is 
weak  in  others,  and  widens  in  the  later  stars  of 
the  list. 

The  displacement  of  some  lines  or  shift  with 
spectral  type  determined  by  Albrecht""  is  indi- 
cated in  the  series  of  Class  R  stars.  Fifteen  of 
the  lines  traced  through  Albrecht's  "Table  of 
IVave-leugths  Varying  Progressively  Zi'ith  Spec- 
tral Type''  show  a  change  in  the  same  direction 
passing  along  the  series  of  Class  R  stars  to  Class 
N.  Since  the  change  in  wave-length  with  spectral 
type  is  small,  seldom  exceeding  0.2  A  from  F  to 
K,  our  test  establishes  only  the  direction  of  the 
variation,  on  account  of  the  probable  error  of 
±0.12  A  in  wave-length  determination  for  a  sin- 
gle line  on  a  plate. 

Plate  VIII  shows  graphically  the  change  in 
wave-length  of  A  4435  with  spectral  class. 

The  progressive  change  in  intensity  of  various 
lines  as  we  pass  along  the  series  has  been  noted 
for  the  different  elements.  Comparison  of  these 
lines  and  their  changes  in  intensity  with  a  list 
of  lines,  whose  intensity  changes  with  spectral 
type-*  from  Miss  Maury's  Class  VI  to  Class 
XVIII,  indicates  that,  in  general,  the  progressive 
change  in  intensity  in  our  series  corresponds  with 
the  direction  given  in  the  Harvard  table. 

Comparison  with  solar  spectrum.  The  general 
resemblance  of  the  spectra  of  Class  R  stars  to 

^Cordoba  Bolelin,  Ko.  I.  191  r. 
^  Han'ard  .-tiinols,  \'ol.  28.  p.  60. 
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the  solar  spectrum  with  reference  to  metalhc  lines 
harmonizes  with  the  similarity  of  Types  II,  III, 
and  IV,  pointed  out  by  other  writers.  Referring 
to  star  —  10°  5057,  Parkhurst  says  :-  "The  spec- 
trum resembles  the  solar  type,  with  the  addition 
of  the  dark  A  4700  band."  He  apparently  con- 
siders that  its  spectrum  diflfers  greatly  from  the 
spectra  of  other  stars  of  Classes  N  and  R,  which 
constituted  his  list  for  the  determination  of  color 
indices,  for  he  places  it  in  a  class  by  itself.  We 
find,  however,  a  very  close  resemblance  between 
its  spectrum  and  the  spectrum  of  -)-  42°  281 1,  one 
of  the  recently  discovered  Class  R  stars  which 
precedes  it  in  our  series.  Its  spectrum  seems  to 
fit  well  into  the  sequence  adopted  on  page  136 
above.  We  wish  here  simply  to  call  attention  to 
the  close  solar  relationship  of  early  Class  R  stars. 

Hale,  Ellerman,  and  Parkhurst  have  com- 
pared fourth  type  spectra  with  sun  spot  spectra 
and  found  that  a  large  number  of  the  lines  wid- 
ened in  sun  spots  are  strengthened  in  the  spectra 
of  fourth  type  stars.   This  result  was  based  upon 

"'".//'.  ./.  .?5.  131,  igi2. 


the  region  A  5190  to  the  red  end  of  the  spectrum. 
From  the  work  of  Adams-^  we  are  able  to  make 
a  similar  comparison  for  Class  R  stars  from 
A  5000  to  the  violet  end. 

We  have  limited  our  count  to  the  strongest 
lines  of  Adams'  list,  intensity  at  least  2,  because 
with  our  slit  width  and  dispersion,  many  of  the 
faint  lines  do  not  appear.  About  two-thirds  of 
the  lines  widened  in  the  sun  spots  appear  in  Class 
R  stars.  Some  others  may  be  present,  but  con- 
cealed by  the  carbon  and  cyanogen  absorption 
bands.  We  also  note  the  omission  of  lines  on 
the  less  refrangible  side  of  the  heads  of  these 
bands ;  e.  g.  opposite  cyanogen  A  4197,  the  iron 
lines,  A 4198.2,  slightly  strengthened  in  spots; 
A  4198.4-.5,  a  strong  blend  slightly  weakened; 
A  4198.8,  slightly  strengthened  and  A  4199-3. 
strengthened  in  spots,  do  not  appear  on  our 
plates.  Also  below  A  4447.3  the  strengthened  lines 
A  4447.9  Fe.  and  A  4449.3  Ti.  are  not  distinguish- 
able. Among  the  lines  Weakened  in  sun  spots,  we 
find  many  weak  or  absent  in  Class  R  stars.  Al- 
''.■J/'.  /.  -T,  -IS.  1908. 
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tlu)Ut;h  tlicre  is  some  conllicting  evidence  the  re- 
semblance of  the  spectra  of  Class  R  stars  and 
sun  spot  spectra  seems  to  be  well  established. 

Coiiif'arison  with  Class  O.  In  the  region  of 
the  spectrum  under  consideration,  only  the  fol- 
lowing coincidences  occur  in  the  bright  lines  of 
Classes  O  and  R.  The  second  column  gives  the 
number  of  Class  R  stars  in  which  the  bright  line 
was  measured. 


CLASS  R. 

NO. 

CLASS  0. 

\  4^64 

4 

4465-67 

4507 

I 

4504-10 
4515-18 

45.38 

i 

45.?4-44 
4592-98 

4617 

I 

4614-16 
4650-54 

4862 

These  coincidences  are  too  few  in  number  to  es- 
tablish any  physical  relationship.  Both  classes 
have  bright  lines,  but  this  characteristic  is  shared 
with  other  classes. 

In  addition  to  the  absence  of  some  of  the  bright 
lines  of  Class  O  stars  in  the  spectra  of  Class  R, 
many  bright  lines  found  in  the  spectra  of  Class  R 
stars  are  lacking  in  Class  O. 

There  seems  to  be  a  shift  in  wave-length  to- 
ward the  red  in  the  case  of  AA  4589-91,  4818-20 
and  4896-99,  within  the  series  of  Class  R  stars. 

The  bright  lines  have  not  been  identified.  An 
explanation  for  the  presence  of  some,  at  least, 
may  be  sought  in  the  reversal  of  lines  of  known 
elements  under  certain  conditions,  ratlicr  than  by 
the  postulation  of  unknown  elements. 

Comparison  n'ith  Class  .V.  The  chief  differ- 
ence between  the  spectra  of  stars  of  Class  R  and 
stars  of  Class  X,  from  the  violet  end  of  the 
spectrum  to  A.  5000,  is  in  the  relative  intensity  of 
the  spectrum  on  the  two  sides  of  the  dark  band 
with  head  at  A  4737.  In  general  the  spectra  of 
stars  of  Class  R  extend  farther  into  the  violet 
than  the  spectra  of  Class  N  stars  under  similar 
conditions  of  exposure  on  stars  of  comparatively 
equal  photographic  magnitude.     Ellerman's  long 


cxp<jsure  on  19  I'isciinii-'  shows  the  presence  of 
violet  light  in  this  Class  X  star,  giving  a  spectrum 
beyond  the  Fraunhofer  H  and  K  lines;  and  Park- 
hurst  expresses  the  opinion  concerning  the  spectra 
of  certain  stars  of  Class  X,  "It  is  probably  a 
mere  question  of  exposure  to  extend  the  other 
spectra  to  this  region,  except  perhaps  that  of  152 
Schjellerup."  The  difference,  then,  appears  to  be 
due  to  a  difference  in  the  quantity  rather  than  in 
the  quality  of  the  violet  light  emitted  by  stars  of 
the  two  classes. 

The  presence  of  11/3  as  an  absorption  line  in 
the  spectra  of  many  of  the  Class  R  stars,  and  its 
absence  in  Class  X  stars,  or  presence  as  a  bright 
line,  marks  another  difference.  H/3  has  been 
ob.served,  however,  as  a  liright  line  in  the  Class 
R  variables.-'"' 

The  cyanogen  bands  appear  to  be  somewhat 
stronger  in  the  spectra  of  Class  N  stars,  espe- 
cially A  4553.6  and  A  4606.  An  unknown  line 
A  4443  (Ti  spark  A 4444?)  appears  to  be  stronger 
in  Class  R  than  in  Class  X.  On  some  of  our 
l)Iates  it  is  very  prominent,  having  a  maximum 
line  intensity  of  10,  while  Hale  does  not  mention 
it  among  prominent  lines  of  Class  X. 

The  progressive  change  in  the  wave-length  of 
certain  lines  with  spectral  type  passing  from 
Class  R  to  Class  X  has  already  been  mentioned 
as  taking  place  in  the  direction  indicated  by 
Albrecht. 

The  change  in  intensity  of  certain  lines  with 
spectral  type  has  also  been  pointed  out.  These 
two  features,  however,  could  be  better  tested  by 
the  selection  of  some  later  Class  X  stars,^''  also 
by  the  observation  of  a  larger  number  for  wave- 
length determination. 

Another  noticeable  difference  is  in  the  number 
and  intensity  of  bright  lines.  The  emission  lines 
found  in  the  spectra  of  Class  R  stars  are  in  gen- 
eral very  weak.  In  the  case  of  the  earlier  stars, 
only  a  few  faint  ones  were  found,  any  one  of 
which  might  be  considered  merely  a  slight  in- 
crease in  intensity  of  the  continuous  spectrum. 
Later  in  the  series  they  become  more  numerous 

"*The  Spectra  of  Stars  of  Secchi's  Fourth  Type.  Pub. 
of  Ycrkcs  Ob.,  V'ol.  II,  page  260. 

^  Harz'ard  Circular,  76. 

^We  have  measured  the  plates  of  ig  Piscium. 
+  76°  734.  and  -|-  M'  4500.  all  of  which  are  compara- 
tively earlv  Class  N  stars. 
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and  are  stronger,  but  are  not  so  [prominent  on 
the  plates  of  Class  R  stars  as  they  are  on  Class 
N,  especially  on  the  plates  of  U  Hydrse,  the 
standard  star  of  Class  N. 

Concerning  the  relative  strength  of  carbon  ab- 
sorption in  the  two  classes,  we  are  able  to  com- 
pare the  spectra  of  our  series  of  Class  R  stars 
with  the  series  of  Class  N  stars  of  Hale,  Eller- 
man,  and  Parkhurst."'  Since  the  strength  of  the 
A.  4700  band  was  a  determining  factor  in  the  ar- 
rangement of  both  sequences  the  series  are  prac- 
tically duplicates.  In  both  Classes  R  and  N,  we 
find  stars  in  which  the  carbon  absorption  is  rela- 
tively weak  and  others  in  which  parallel  degrees 
of  intensity  are  evident  down  to  the  strong  bands 
of  +  57"  702  (R)  and  152  Schjellerup  (N). 
Hale,  Ellerman,  and  Parkhurst  placed  -)-  57"  702 
(R)  at  the  end  of  their  list  of  stars  of  type  IV. 
It  is  evident,  therefore,  that  the  strength  of  car- 
bon absorption  is  not  a  distinguishing  feature  be- 
tween the  two  classes,  but  a  factor  which  enters 
alike  into  the  spectra  of  both  types.  We  are 
thrown  back,  then,  chiefly  upon  the  criterion  of 
general  absorption  in  the  violet  to  differentiate 
between  the  spectra  of  the  two  classes.  This 
feature  appears  to  be  fundamental  in  tlie  se- 
quence B  A  F  G  K  M.  Although  its  application 
is  difficult  and  fails  to  establish  a  definite  line  of 
demarkation  between  Classes  R  and  N,  the  same 
difficulty  is  met  in  the  case  of  other  classes.  In 
any  natural  system  of  classification,  intermediate 
varieties  frequently  merge  or  overlap. 

SUMMARY 

Relation  between  Classes  R  and  N.  We  shall 
now  apply  the  accumulated  data  to  the  first  part 
of  our  problem,  viz.,  to  establish  a  relationship 
between  Classes  N  and  R.  Although  the  data 
are  meager  on  some  points  and  may  be  changed 
by  later  investigation,  we  shall  use  all  in  our 
possession.  In  Table  \'lll  we  tabulate  a  few 
results,  using  the  solar  tyjjc  G  as  a  basis  of  refer- 
ence. 

On  all  the  points  it  appears  that  Class  R  pre- 
cedes Class  N,  when  the  solar  type  is  used  as  the 
point  of  reference. 

The  close  resemblance  of  the  spectra  of  Classes 
R  and  X,  and  the  gradual  transition  from  one  to 

"Pub.  of  Ycrkcs  Obs..  Vol.  II,  Plate  VIII  of  The 
Sfcctra  of  Stars  of  Secchi's  Fourth  Type. 


the  other  with  indications  of  overlapping  in  the 
case  of  the  data  of  individual  stars,  prove  that 
the  two  classes  are  closely  related. 

These  facts  indicate  clearly  tliat  stars  belong- 
ing to  Classes  R  and  N  form  a  continuous  se- 
quence with  R  preceding  N. 

The  place  of  Classes  R  and  A'  in  the  Evolu- 
tionary Sequence.  We  shall  now  apply  our  re- 
sults to  the  second  part  of  our  problem,  viz.,  the 
relationship  between  Classes  R  and  N  and  the 
sequence  B  A  F  G  K  M.  In  approaching  this 
problem,  two  alternatives  immediately  present 
themselves:  Do  the  Classes  R  and  N  follow  M 
and  form  one  continuous  evolutionary  sequence, 
or  do  they  constitute  a  separate  branch  of  the 
sequence  coordinate  with  K  and  M  ?  A  more 
detailed  study  of  the  spectra  of  Classes  K  and  M 
would  be  valuable  in  this  connection,  but  is  out- 
side the  scope  of  the  present  investigation. 

Let  us  first  consider  some  general  questions  re- 
lating to  the  assumption  that  spectral  type  is  a 
linear  function,  with  time  as  the  independent  vari- 
able. Evidently  we  are  not  at  liberty  to  introduce 
another  independent  variable,  so  we  must  postu- 
late an  equal  mass  of  primordial  matter  for  each 
star,  possessing  exactly  the  same  properties,  and 
surrounded  by  the  same  conditions.  Then  we 
might  expect  all  the  stars  to  pass  through  the 
same  evolutionary  stages.  However,  the  unequal 
distribution  of  stars  in  space,  the  presence  of 
nebulous  matter  in  some  regions,  and  the  un- 
equal masses  of  determined  systems,  indicate  that 
the  conditions  imposed  are  imaginary  rather  than 
real. 

An  application  of  the  theory  of  evolution  in 
other  realms  of  science  affords  room  for  the 
genus  to  develop  into  species  along  diverging 
branches,  possessing  common  genetic  characteris- 
tics and  different  specific  characteristics.  This 
type  of  development  may  also  obtain  in  stellar 
evolution. 

Hale-^  has  summarized  the  common  character- 
istics of  stars  of  Secchi's  types  III  and  IV.-"  i. 
Red  color.  2.  Tendency  to  variability.  3.  Re- 
semblance of  dark  lines.  4.  Presence  of  lines 
widened  in  sun  spots.     5.  Similar  physical  con- 

''Piib.  of  Yerkes  Obs.,  \ol  II,  385. 
^Type  III  appro.Kimately  includes  Classes  K  and  M; 
type  1\'  includes  R  and  X. 


I'Ur.LICATlONS  OF  Till',  UI'.SKUVAT(JKY 


(lilions  rc\calcd  l)y  si>i-clra.  6.  Presence  of  hriglit 
liiu-s.  7.  Dark  tlutings;  cyanogen  flntings  in  com- 
mon. S.  Connection  of  l)otli  types  of  spectra  with 
spectra  of  solar  stars.  We  may  consider  tlicse 
to  l)e  tiie  genetic  characteristics. 

The  chief  difference  between  the  spectra  of 
types  III  and  IV  is  in  the  special  absorption.  Type 
III  contains  wide  absorption  bands  sharp  toward 
the  violet  and  degraded  toward  the  red,  usually 
attributed  to  titanium  oxide;  type  IV  has  similar 
bands,  but  reversed  in  appearance,  being  sharp 
toward  tlie  reij.  attributed  to  some  form  of 
carbon  conijjound.''"    This  constitutes  the  specific 


I'arkhurst  lias  a  spectrum  rcsciubling  the  solar 
tyi)e  with  the  bands  superposed.  In  this  case 
the  bands  are  stronger  than  in  the  preceding.  The 
faintness  of  Class  K  stars  and  their  scarcity  les- 
sen the  probability  of  finding  better  intermedi- 
aries. Also,  if  the  difference  from  the  solar  type 
were  less,  the  ])robability  of  this  difference  being 
delected  (ju  a  weak  ])late  would  be  small. 

The  Ijalanced  condition  of  elements  necessary 
to  produce  the  Swan  spectrum  (distinguishing 
feature  of  Classes  R  and  N)  may  lessen  the  prob- 
ability that  many  stars  exist  with  carbon  bands. 
Daly"  calls  attention  to  the  fact  that  the  presence 


T.M'.LE  VIII.    COMPARISON  OF  DATA. 


G. 

K. 

N. 

Color  Index 

1.02 

1-7 

2-5 

In  galactic  region 

58  per  cent. 

63  per  cent. 

87  per  cent. 

Number  of  variables 

8  per  cent. 

20  per  cent. 

Residual  radial  velocity 

15.15  km. 

14.9  km. 

13.2  km.  per  sec. 

Sbift  in  wave-length  with  type 

Slight. 

Increased. 

Change  in  intensity  of  lines 

Noted. 

Same  sense. 

Bright  lines 

Few  and  weak. 

More  numerous  and 
stronger. 

Hydrogen,  H7 

Weak. 

Weaker. 

Hydrogen,  UP 

Present,  and   bright   in 
variables. 

Absent  or  bright. 

Calcium,  X  4227 

Present. 

Widened. 

Widened   (Hale). 

Cyanogen  flutings 

Absent. 

Weak. 

Stronger. 

difference.  We  have,  then,  two  types  of  spectra 
closely  resembling  each  other,  with  respect  to 
the  line  spectrum,  with  a  dift'erent  kind  of  absorp- 
tion band  superposed.  These  characteristics  meet 
the  conditions  for  coordinate  branches  of  the  evo- 
lutionary sequence. 

The  serious  objection  against  this  system  of 
coordination  raised  by  Pechule  is  that  no  ex- 
amples of  an  intermediate  type  between  the  solar 
spectrum  and  type  IV  have  been  found.  The 
spectra  of  the  earliest  stars  of  Class  R  seem  to 
refute  that  objection.  The  carbon  absorption  of 
the  first  star  of  our  series  is  comparatively  weak, 
the  spectrum  extends  as  far  as  H  and  K,  and  the 
metallic  lines  give  fair  agreement  with  late  solar 
type.    The  second  star  of  the  series  according  to 

'"Baly  thinks  the  evidence  is  conclusive  in  favor  of 
carbon  monoxide.    Spectroscopy,  p.  444,  1905. 


of  a  slight  trace  of  oxygen  in  the  source  of  light 
destroys  the  Swan  spectrum  due  to  carbon 
monoxide  and  produces  the  second  band  spectrum 
due  to  carbon  dioxide. 

However,  in  spite  of  these  difficulties,  as  larger 
instruments  are  brought  into  use  and  the  fainter 
red  stars  are  more  thoroughly  studied,  it  is  quite 
probable  that  examples  will  be  found  with  weaker 
carbon  bands  than  the  first  of  the  series  photo- 
graphed. 

In  addition  to  the  qualitative  similarity  between 
types  III  and  IV  and  the  close  correspondence 
between  the  earliest  Class  R  stars  and  the  solar 
type,  we  can  make  a  comparison  between  the 
Classes  R  and  K.  These  two  classes  should  cor- 
respond quite  closely,  if  the  branching  takes  place 
following  Class  G.    Perhaps  R  and  K5  are  more 

"  Spectroscopy,  p.  444.  1905. 
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ne:ui\-  parallel.  We  shall  use  data  for  K5  when 
available.  A  comparison  follows  showing  a  close 
correspondence. 


K0RK5 

R. 

Color  index 

Percentage  in  galactic  region 

Residual  radial  velocity.  G 

and  K 
Percentage  of  variables 

T.64 
56 

15- 15 
Small 

1-7 
63 

14.9  km.  per  sec. 
8 

The  correspondence  is  maintained  also  by  the 
close  similarity  of  the  absorption  lines,  the  shift 
in  wave-length  of  certain  lines  with  spectral 
type,  the  change  in  intensity  of  certain  lines,  ab- 
sence or  weakness  of  bright  lines,  weakness  of 
cyanogen  flutings,  widening  of  A.  4227,  and  pres- 
ence of  hydrogen  lines. 

The  close  resemblance  of  the  spectra  of  early 
Class  R  stars  to  the  solar  type,  the  parallelism  be- 
tween Classes  R  and  K,  together  with  the  fulfill- 
ment of  the  conditions  for  coordinate  branches  by 
the  two  great  classes  of  red  stars  (Secchi's  types 
III  and  I\')  lead  to  the  conclusion  of  the  second 
part  of  our  problem,  that  the  evolutionary  se- 
quence is  divided,  Classes  K  and  M  forming  one 
branch  and  Classes  R  and  N  forming  the  other. 

PHYSICAL  CONDITIONS 

The  question  arises  :  What  physical  conditions 
differentiate  between  stars  of  Classes  N  and  R? 
Hale  has  interpreted  the  physical  conditions  of 
fourth  type  stars.  Carbon  vapor  lies  close  to  the 
photosphere  above  which  are  gases  producing  the 
bright  lines  of  the  spectra.  The  thick  layer  of 
dense  atmosphere  produces  a  strong  general  ab- 
sorption. On  the  basis  of  this  interpretation,  the 
atmosphere  of  Class  R  stars  is  not  so  thick  nor 
so  dense  as  that  of  Class  N  stars  and  produces 
less  general  absorption,  permitting  the  escape  of 
a  larger  proportion  of  violet  rays,  which  suflfer 
most  from  general  absorption. 

Kapteyn^-  has  accumulated  much  evidence 
bearing  upon  the  question  of  the  change  of  spec- 
trum due  to  the  absorption  of  light  in  space. 
Parallax  data  are  not  available  to  determine 
whether  this  eflfect  is  evident  as  a  differentiating 
factor  between  the  stars  of  Classes  R  and  N. 

"M/".  J.  40,  187,  1914. 


Another  question  may  arise :  How  can  a  solar 
type  evolve  two  different  types  of  stars?  This 
question  suggests  another,  the  burden  of  proof 
of  which  rests  with  the  advocate  of  the  linear 
evolutionary  sequence  with  R  and  N  following 
AI.  How  can  k  star,  in  which  titanium  oxide 
gives  the  characteristic  feature  of  the  spectrum, 
change  into  a  star  in  which  carbon  monoxide  pre- 
dominates? An  attempt  to  answer  the  first  of 
these  two  questions  seems  more  probable  of 
success. 

Given  two  stars  of  solar  type  under  the  same 
conditions,  with  equal  masses,  equal  volumes,  the 
same  constituent  elements,  and  surrounded  by  the 
same  conditions  in  space,  and  the  evolution  of  two 
different  types  would  appear  to  be  improbable. 
However,  two  stars  of  solar  type  drifting  in  dif- 
ferent directions,  as  proper  motion  indicates, 
through  time  and  space  unlimited,  may  eventually 
encounter  dissimilar  conditions  and  differentiation 
may  take  place. 

Moreover,  it  is  quite  probable  that  a  differentia- 
tion begins  before  the  solar  type  is  reached. 
Nascent  stars  will  be  changed  according  to  the 
properties  of  their  own  constituent  elements  and 
the  characteristic  elements  of  the  matter  pervad- 
ing the  surrounding  region  of  space.  Both  of 
these  factors  may  vary  in  different  stars.  If  one 
region  of  space  or  a  certain  set  of  conditions  is 
more  favorable  to  the  production  of  carbon  and 
another  to  the  existence  of  titanium,  we  may  have 
in  different  stars  of  the  solar  type  the  right  rela- 
tionship between  the  various  elements  for  the 
evolution  of  two  different  types  of  stars,  one  giv- 
ing a  spectrum  in  which  the  carbon  bands  pre- 
dominate, the  other  producing  a  spectrum  char- 
acterized by  the  bands  of  titanium  oxide. 

It  is  a  curious  fact  that  we  find  both  elements, 
carbon  and  titanium,  present  in  both  classes  of 
stars,  type  III  with  titanium  bands  and  type  IV 
with  carbon  bands.  The  type  of  spectrum  ap- 
parently is  due  to  the  adjustment  between  the 
various  elements.  Possibly  the  predominance  of 
carbon  vapor  in  the  form  of  carbon  monoxide  in 
the  star's  atmosphere  suppresses  the  absorbing 
power  of  titanium  oxide  or  vice  versa.  The  dis- 
covery of  a  stellar  spectrum  showing  the  presence 
of  both  kinds  of  bands,  carbon  and  titanium, 
would  be  both  interesting  and  instructive.     On 
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account  of  the  delicate  halaiicc  of  elctiients  that 
would  perhaps  be  necessary  to  prodiycc  such  a 
hybrid,  its  existence  is  quite  improbable.  The 
delicate  adjustment  between  carbon  and  oxygen 
suitable  for  the  production  of  the  Swan  spectrum, 
which  has  previously  been  mentioned,  may  ac- 
count for  the  comi)aratively  small  number  of  stars 
beloufjing  to  Classes  R  and  X. 

CONCLUSIONS 

The  radial  velocities  of  ten  Class  R  stars  have 
been  determined,  with  an  average  probable  error 
±  I  km.  These  radial  velocities  range  from  —  49 
km.  to  -(-  25  km.  per  second,  and  yield  an  aver- 
age residual  radial  velocity  of  14.0  km.  per 
second. 

Wave-lengths  of  heads  of  l)ands,  absorption 
lines  and  emission  lines  of  Class  R  stars  have 
been  determined,  (probable  error  of  the  mean  in 
ten  plates  ±  0.05  A)  for  the  region  A  4185  to 
A  5000. 

The  following  substances  were  identified :  Car- 
bon (carbon  monoxide  and  cyanogen),  hydrogen, 
chromium,  vanadium,  titanium,  iron,  sodium,  cal- 
cium, magnesium,  nickel,  and  manganese. 

Spectrograms  of  five  Class  O  stars  were  made 
.  for  comparison  with  Class  R.  No  close  resem- 
blance was  found. 

Spectrograms  of  five  Class  N  stars  were  ob- 
tained, part  of  which  were  measured  and  re- 
duced, for  qualitative  comparison  with  Class  R 
stars. 

The  chief  difference  between  the  spectra  of 
stars  of  Class  R  and  stars  of  Class  N  is  due  to 
general  absorption. 

Sixty-three  per  cent,  of  Class  R  stars  are  in 


the  galactic  region  ( -f  30  to  —  30  galactic  lati- 
tude). 

The  average  color  index  of  five  Class  R  stars 
(I'arkhurst)  is  1.7. 

The  number  marked  \ariaiil'j  in  the  I  Jarv.ir  1 
tables  is  8  per  cent. 

There  is  a  shift  in  wave-length  and  change  in 
intensity  of  certain  lines  with  spectral  type 
through  the  R  X  sequence  in  the  same  order  as 
G  to  ]\r. 

Bright  lines  are  not  so  numerous  nor  so  strong 
in  Class  R  as  in  Class  X. 

Class  R  precedes  Class  X  in  the  evolutionary 
sequence  taken  in  the  usual  order  L!  A  F  (i  K  M. 

There  is  a  close  resemblance  between  the  solar 
spectrum  and  the  siiectra  of  tlic  first  stars  of  the 
Class  R  series. 

•A  marked  correspondence  exists  between 
Classes  R  and  K  in  color  index,  distribution  with 
reference  to  galaxy,  residual  radial  velocity,  tend- 
ency to  variability,  similarity  of  absorption  lines, 
bright  lines,  cyanogen  flutings,  A  4227.  and  hydro- 
gen lines. 

The  evolutionary  sequence  divides  at  the  solar 
type,  Classes  K  and  M  forming  one  branch,  and 
Classes  R  and  X  constituting  the  other. 

Stars  of  Class  R  form  the  connecting  links  be- 
tween Class  N  and  the  solar  type. 

The  writer  wishes  to  express  his  grateful  ac- 
knowledgement to  Professor  R.  H.  Curtiss  for 
supervision  and  direction  throughout  this  investi- 
gation, to  various  members  of  the  Observatory 
staff  for  assistance  and  encouragement,  and  to 
those  who  so  kindly  arranged  the  programs  of 
work  with  the  37 J/ -inch  Reflector  to  make  pos- 
sible the  observations  on  which  this  study  is  based. 

Ann  Arbor,  Michigan,  June,  1915. 


A  STUDY  OF  BETA  CEPHEP 

By  CLIFFORD  C.  CRUMP 


INTRODUCTION 

The  study  of  a  spectroscopic  binary  of  very 
short  period  is  of  especial  interest  because  of  the 
material  it  affords  for  the  furtherance  of  our 
knowledge  of  stellar  evolution.  Through  the  ob- 
servation of  such  a  system  we  are  abl;  to  derive 
data  with  reference  to  the  development  of  binaries 
in  their  early  stages  and  to  investigate  the  laws 
which  govern  their  evolution.  If  a  star  in  addi- 
tion to  being  a  short  period  binary  be  a  variable 
of  the  8  Cephei  type  the  interest  is  enhanced,  for 
while  there  are  considerabh  data  and  many  theo- 
ries concerning  Cepheid  stars,  astronomers  agree 
that  a  satisfactory  solution  of  the  problem  of 
their  variation  has  not  been  reached  and  all  con- 
tributions to  the  facts  already  known  are  partic- 
ularly valuable. 

It  is  the  purpose  of  this  paper  to  give  the  re- 
sults of  the  study  of  /?  Cephei,  which  is  both  a 
short  period  binary  and  a  variable  of  the  S  Cephei 
type.  The  period  of  /?  Cephei  is  the  shortest  that 
has  thus  far  been  determined  for  a  spectroscopic 
binary,  namely,  4  hours  34  minutes  and  17.4  sec- 
onds, enabling  one  to  follow  it  for  more  than  a 
revolution  in  a  single  night.  It  is  remarkable 
that  plates  taken  with  the  time  of  mid-exposure 
only  si.x  minutes  apart  show  a  measurable  change 
in  the  radial  velocity  of  this  star.  The  shortness 
of  the  period  and  the  brightness  of  the  star,  3.3 
magnitude,  make  it  possible  to  determine  in  a 
comparatively  short  time  the  definitive  elements 
of  the  orbit  with  the  observations  grouped  around 
a  well  defined  epoch.  It  is  also  possible  to  com- 
pare readily  complete  cycles  of  the  curve.  The 
recent  investigations  of  the  light  variation  of  /8 
Cephei  by  Guthnick  of  the  Berlin-Babelsberg  Ob- 
servatory have  added  to  the  importance  of  a  com- 
plete spectroscopic  study  of  this  star. 

It  is  proposed  to  determine  definitively  the  or- 
bital elements  of  ji  Cephei  and  to  bring  together 
the  existing  data  concerning  it. 

'A  dissertation  in  partial  fulfillment  of  the  require- 
ments for  the  degree  of  Doctor  of  Philosophy  in  the 
L'nivcrsit}'  of  Michigan. 


TOT.\L  LIGHT 

As  a  result  of  the  photoelectric  measures  of  the 
light  variation  of  p  Cephei,  Guthnick  has  an- 
nounced the  star  to  be  a  variable.  He  reaches 
this  conclusion  from  a  series  of  observations 
whach  extend  over  six  months  and  comprise  one 
hundred  and  seventy-seven  determinations  of  the 
light  intensity.  The  light  curve  plotted  from  the 
normal  places  of  his  observations  indicates  an 
amplitude  of  0.05  magnitude  as  measured  with 
the  sodium  cell  and  a  range  in  time  from  maxi- 
mum to  minimum  light  of  0.09  days,  a  little  more 
than  one-half  the  spectroscopic  period.  The  light 
curve  determined  by  Guthnick  compared  with  the 
radial  velocity  curve  as  observed  by  Frost 
showed,  on  account  of  the  position  of  the  points 
of  maximum  and  minimum  light,  that  the  star 
was  not  an  Algol  nor  a  /S  Lyrse  variable.  The 
general  form  of  the  light  curve  and  the  degree 
of  agreement  of  the  point  of  maximum  light  with 
the  point  of  maximum  velocity  of  approach  led 
to  the  assumption  that  this  variable  was  of  the 
8  Cephei  type.  Plate  IX,  Figure  2,  shows  the 
light  curve  plotted  from  Guthnick's  observations, 
which  may  easily  be  compared  with  Figure  i  of 
the  same  plate,  which  shows  the  velocity  curve 
determined  at  the  Detroit  Observator}'. 

According  to  the  general  characteristics  of 
Cepheid  variables  the  maximum  of  light  should 
coincide  approximately  with  the  maximum  ve- 
locity of  approach.  In  most  cases  this  agreement 
lies  within  one-fifteenth  of  the  period.  Here  we 
observe  the  difference  in  time  to  be  0.029  days, 
cr  about  one-seventh  of  the  period,  a  quantity 
approximately  equal  to  that  observ-ed  in  the  case 
of  the  Cepheid  variable,  Y  Sagittarii,  but  with 
light  maximum  occurring  on  the  descending 
branch  instead  of  the  ascending  branch  of  the 
velocity  curve.  In  /?  Cephei  the  variation  from 
the  general  rule  of  close  coincidence  between 
light  maximum  and  maximum  velocity  of  ap- 
]5roach  may  be  connected  with  the  closeness  of 
the  components  of  the  system.  The  correspond- 
ence between  the  minimum  of  light  and  the  mini- 
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iiuiiii  velocity  of  appidacli  in  llic  cases  so  far 
observed  has  not  been  so  close  on  tlic  average  as 
that  between  the  maximum  of  light  and  the  maxi- 
mum velocity  of  approach.  The  discrepancy  be- 
tween light  minimnm  and  the  maximum  velocity 
of  recession  in  the  case  of  /3  Cephci,  though  it 
amounts  to  about  one-fifth  of  the  period,  should 
not  exclude  it  from  the  S  Cepheid  class.  This 
disagreement  may  be  due  here  and  in  other  cases 
to  variations  caused  by  the  ellipsoidal  form  of  tlic 
members  of  the  system. 

HISTORICAL 

From  December  18,  i(>)i,  to  .\])ril  i(),  iyo2, 
six  spectrograms  of  (i  Cephei  (a  =  21"  27'", 
8=  -{-70°  7')  were  obtained  by  Mr.  W.  S.  .Adams 
with  the  Bruce  spectrograi)h  of  the  ^'erkes  ( )b- 
servatory.  The  measures  of  the  third  ])late  of 
this  series  suggested  a  variable  radial  velocity  for 
this  star.  This  suggestion  was  confirmed  by  sub- 
sequent investigations  of  Professor  Edwin  I'>. 
Frost  and  the  binary  character  of  the  star  was 
established.  An  early  set  of  radial  velocity  deter- 
minations showed  a  range  of  from  —  20.3  km.  to 
-|-  11.3  km.  The  period  was  at  first  thought  to 
be  rather  long,  but  Professor  Frost,  from  two 
spectrograms  taken  on  the  night  of  .May  14,  11J02, 
during  an  interval  of  five  and  onc-balf  hours, 
observed  a  change  in  \elocity  of  14  km.  ;ui(l  in- 
ferred that  the  period  was  short.  Owing  to  the 
insufficient  data  at  hand  Professor  Frost  at  that 
time  made  no  attempt  to  draw  further  conclu- 
sions. 

In  the  spring  of  1906  the  problem  was  again 
taken  up  by  Professor  Frost  with  the  idea  of 
determining  the  period.  On  the  nights  of  May 
18,  19,  20,  and  21,  eight  plates  were  secured.  The 
approximate  measures  of  these  plates  indicated 
that  the  period  was  about  four  hours  and  thirty 
minutes.  The  star  was  continuously  observed 
through  several  nights,  and  from  May  28  to 
August  27  more  than  sixty  plates  were  made. 
From  the  observations  of  July  6,  the  following 
elements  were  derived : 

ELEMENTS   OF  JVLV  6,   1906. 
P  =0. 190479  days. 
e  =0.03-1-, 
w  =  165°  13', 

r  =  20-  37"'  G.  M.  T..  or  J.  D..'4i 7398.859. 
K  —  i6.g  km., 
7  =  —  4.9km. 


.\t  the  meeting  of  the  National  Academy  of 
Sciences  in  December,  1914,  Professor  Frost 
gave  a  brief  discussion  of  this  system.  In  a  letter 
which  I  have  recently  received  he  gives  the  value 
of  y  on  the  night  of  April  29,  1912,  as  —  10.2  km. 
The  discrepancy  between  the  velocity  of  the  cen- 
ter of  mass  as  given  for  July  6,  190C),  and  that 
determined  for  this  later  date  is  of  particular 
significance  and  will  be  discussed  in  connection 
witli  the  elements  derived  by  the  writer. 

OliSKKVATIO.NS 

CJbservations  of  yS  Cejjhei  were  begun  at  the 
Detroit  Observatory  on  August  8,  191 2,  and  were 
continued  until  November  21,  of  that  year.  Dur- 
ing this  intcr\;d  175  spectrograms  were  made 
witii  the  one  iirism  spectrograph  attached  to  the 
37)  j-inch  Refitclor.  ( )f  the  total  number  of  spec- 
trograms obtained  1^13  were  used  in  the  det:rmn- 
ation  cf  the  radial  velocities.  For  the  mort  part 
Seed  2Ti  plates  were  used.  On  the  night  of  Octo- 
l:er  15  Seed  30  plates  were  used,  with  the  excep- 
tion of  plates  1247  B,  1249  C,  1250  D,  and  1269  B. 
which  were  made  on  Seed  23  ])lates.  The  time  of 
e\]  osure  varied  from  five  to  fifteen  minutes.  ( )n 
Noveml)er  7,  conditions  being  very  favorable, 
thirty-six  jilates  were  secured  with  an  average 
exposure  of  six  minutes.  The  last  series  of  ob- 
servations, November  21,  was  taken  with  a  nar- 
row slit  for  the  purpose  of  searching  the  spec- 
trum for  double  lines.  It  was  the  aim  from  the 
beginning  to  follow  the  starcontinuously  through 
the  period  assumed  by  Frost  and  on  four  diflferent 
nights  we  were  successful  in  this  endeavor. 

SPECTRUM 

The  spectrum  of  fi  Cephei  is  of  the  Orion  type. 
It  is  designated  in  the  Harvard  Annals,  \o\.  50, 
by  Bi,  and  in  Miss  Maury's  classification  in  the 
Harvard  Annals,  Vol.  28,  by  Ilia.  The  chief 
lines  of  the  spectrum  are  due  to  helium,  hydrogen, 
oxygen,  and  silicon.  For  a  spectrum  of  this  class 
the  lines  are  well  defined  and  on  the  whole  easy 
to  measure.  The  series  of  plates  taken  with  a 
narrow  slit  for  the  purpose  of  detecting  a  second 
component's  spectrum  gave  no  evidence  that  such 
a  spectrum  existed.  The  region  used  in  this  in- 
vestigation extended  from  X  3933  to  X  4922.  The 
comparison  spectrum  was  that  of  the  titanium 
spark. 


146 


UXR'ERSI.TY  OF  MICHIGAN 


MEASUREMENT 

A  part  of  the  spectrograms,  namely  those  of 
the  night  of  November  21,  were  measured  with 
Measuring  Engine  Xo.  1  of  this  Observatory, 
and  the  remainder  of  tlic  plates  were  measured  at 
the  Observatorio  Nacional  de  La  Plata,  Argen- 
tina, with  a  Ga:rtner  engine  belonging  to  the  Cor- 
doba Observatory.  The  screw  error  of  both 
these  engines  was  so  small  that  correction  of  the 
micrometer  readings  was  unnecessary.  Twenty- 
two  comparison  lines  were  used  on  each  plate. 
Three  settings  were  made  on  the  upper  compari- 
son line  and  three  on  the  lower,  and  the  average 
of  these  readings  was  taken  as  the  reading  for 
that  line.  The  average  of  three  settings  on  the 
star  line  was  taken  as  the  reading  for  this  line. 
The  correction  for  curvature  of  the  spectral  lines, 
although  small,  was  taken  into  account  in  the  re- 
ductions. All  of  the  plates  were  measured  direct 
and  reversed  in  order  to  eliminate  personal  equa- 
tion as  far  as  possible. 

WAVE-LEXGTHS 

Twenty-two  star  lines  were  selected  for  use 
in  the  determination  of  the  radial  velocities.  The 
wave-lengths  were  taken  from  published  tables 
containing  such  quantities  and  are  incorporated 
in  Table  I.  A\herever  a  line  was  used  which 
could  not  be  identified  in  some  published  tabb 
the  wave-length  was  computed  from  the  well 
known  Hartmann  Formula, 

X  =  x„  -1 '- — . 


TABLE  1. 


WAVE-LE.MGTHS  OF  LINES 
AIEASURED. 


The  constants  of  this  formula  for  the  spectro- 
graph used  had  previously  been  determined  by 
Mr.  Mellor,  whose  results  are  published  on  A'ol- 
ume  I,  page  140,  of  the  Publications  of  the  De- 
troit Observatory.  The  standard  of  dispersion 
used  by  Mr.  Mellor  having  been  adopted,  the  con- 
stants determined  by  him  have  been  used  in  these 
reductions. 

RADIAE    VELOCITIES 

The  velocities  were  determined  from  the  meas- 
ures in  the  usual  manner.  Corrections  were  ap- 
plied for  the  orbital  velocity  of  the  earth,  for 
the  earth's  rotation,  for  the  curvature  of  the 
lines,  and  for  the  small  increments  which  were 
applied  to  the  wave-lengths  of  the  several  star 
lines  to  make  them  homogeneous. 


WAVE- 

ASSUM- 
ED WAVE 

LENGTH 
IN/3 

AUTHORITY. 

ELEMENT. 

I.E.N'GTH. 

CEPHEl. 

A 

A 

3933-83  3933-78 

3Q64.88  3964.84 

3968.62  3968.65 

3973-48  3973-40 

4009.12  4009.16 


Rowland. 

Runge  and  Pasclicn. 

Rowland. 

Eisig. 

Runge  and  Paschen. 


4026.37  .;026.37  Runge  and  Paschen. 

4070.05  4069.94  Crump. 

4072.16  4072.06  I  Crump. 

4076. oS  4075.01  j  Exner  and  Haschek. 

4089.00  .(089.16  Lunt. 

4101.92  4101.92     Curtiss. 

4121.02  4120.92     Runge  and  Paschen. 

4143.92  4143.93     Runge  and  Paschen. 

4253.81  -1254.01     Crump. 

4267.15  4267.22  I  Eder  and  Valenta. 

4340-63  4340.64  Rowland. 

4388.10  j  4388.06     Runge  and  Paschen. 

4471.68  4471:65     Runge  and  Paschen. 

45.^2.76  4.=;.^^-82     Allirccht. 

4713-31  4713.53     Runge  and   Paschen. 

4861.53  4861.56     Rowland. 

4922.10  4922.10  I  Runge  and  Paschen. 


K,  Calcium. 

Helium. 

He,  Hydrogen. 

Oxygen. 

Helium. 

Plelium. 


Oxygen. 
Silicon. 


(?) 


HS,  Hydrogen. 

Helium. 

Helium. 

Carbon. 

H7,  Hydrogen. 

Helium. 

Helium. 

Silicon. 

Helium. 

H/3.  Hydrogen. 
Helium. 


The  correction  for  curvature  of  the  spectral 
lines,  which  was  obtained  on  the  assumption  that 
the  lines  were  parabolic  in  form,  was  made  from 
measures  of  well  defined  lines.  This  correction 
although  small  was  applied  to  each  determination. 

The  correction  for  making  the  lines  homo- 
geneous was  made  in  the  following  manner.  Resi- 
duals were  found  from  a  comparison  of  the  ve- 
locity as  given  by  the  line  and  the  velocity  as 
given  by  the  plate.  A  correction  was  then  ap- 
plied to  each  line  which  would  reduce  to  zero  the 
algebraic  sum  of  the  residuals  of  that  line  for  all 
of  the  plates  on  which  it  was  measured. 

The  method  used  in  determining  the  final 
weights  for  the  lines  has  been  described  by  Pro- 
fessor Curtiss  ill  his  article  on  8  Orionis,  in  the 
Publications  of  the  Detroit  Observatory,  Volume 
I,  page  123. 
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T.'iMi'  ][  coiuaiiis  tlic  observed  velocity  data,  tirst  obscrxatioii,   1012.  .\ugiist  -?3.757f>  G..M.T.; 

Cdlumn  I  gives  the  mimber  of  tiic  plate;  column  coliinm  4,  tbe  luiinber  of  lines  measured;  colinnn 

_',   tbe   time  of  mid-exposure   reckoned   in  days  5,  tbe  wcigbt  assigned  to  the  plate ;  column  6,  tlic 

from   January   'xo,    nju;   column   3,   the   i)hase  radial  velocity;  column  7,  the  residuals  from  the 

computed    with    tbe    period    determined    below,  final  elliptic  elements ;  and  column  8,  general  rc- 

0.1904795  days,  and  referred  to  tbe  epoch  of  tlic  •  niark-s. 


T.ABl.K  11.    .<\\'\'  .VKBOK  OBSEKV ATIOXS. 


PLATl! 
NO. 

0.  M.  T. 
1912. 

PHASE. 

NO.  01- 
LINES,  i 

\VT. 

VELOClTy. 

1 

o-c 

REMARKS. 

km. 

km. 

loig  D 

236.7576 

0.0000 

■5 

13 

—  21.07 

-3-6 

1023  B 

239-7847 

0. 1699 

15 

'I.5 

—  19-65 

4-6.2 

1027  B 

2.39.8321 

0.0268 

17 

'2.5 

~  0.33 

+  3.7 

1028  C 

239-8448 

0.0395 

17 

14 

-  —  2.50 

—  2.3 

1029  .\ 

239.8601 

0.0548 

1 1 

6.5 

+  2.84 

4-0.6 

1035  .\ 

240.69-9 

0. 1307 

19 

15 

—  27.86 

—  0.8 

1038  C 

242.6437 

0.1717 

19 

J2 

-23.58 

4-  1 . 7 

1039  D 

242.6528 

0.1808 

21 

31 

—  27.72 

—  6.1 

1040  A 

242.6618 

0.1898 

19 

25  ■  5 

—  22.05 

-4.6 

1041  B 

242.6799 

0.0174 

iS 

1S.5 

—  1 1 . 55 

—  3.2 

1042  C 

242.6S96 

0.0271 

17 

10.5 

—  5.6l 

—  7.9 

1043  D 

242.6999 

0.0374 

17 

19 

-  1..38 

—  1-3 

1044.\ 

242.7125 

0.0500 

17 

16.5 

—  0.52 

-2.S 

1045  B 

242.7243 

0.0618 

I ) 

IS. 5 

—  2.11 

-3-6 

1116B 

275-5646 

0.1397 

[5 

26.5 

-35.32 

7-5 

1117C 

275-5736 

0.1487 

17 

21  -5 

—  .34-73 

-5-4 

1118D 

275-5833 

0.1584 

17 

41 

-  34-23 

—  B-? 

1 1 10  A 

275-5924 

0.1675 

17 

.36.5 

—  29.94 

-  3-3 

1 1 20  B 

275.6000 

0,1751 

16 

29 

-25. 86 

—  1-9 

1121  C 

275 . 6090 

O.184I 

15 

23 

•   —16.51 

4  3.6 

IV, „r. 

1122D 

275-6159 

0 . 0005 

13 

18.5 

-16.54 

-f  0.6 

1 123  A 

275.6250 

0.0096 

17 

2a.  5 

—  9.43 

4-3-0 

1124B 

275-6317 

0.0163 

12 

16.5 

—  10.77 

—  1-9 

II2SC 

275.6410 

0.0256 

14 

34-5 

—  3-.39 

4-  i.o 

1126D 

275.6486 

0.0332 

16 

3t 

+  3-c8 

-F4.4 

1127  .A 

275-6562 

0.0408 

16 

23.5 

+  5-.^6 

4-4-7 

1128B 

275-6639 

0.0485 

20 

24 

+  9-5t 

4  7-4 

1129  C 

275.6722 

0.0568 

18 

31-5 

+  9-f:o 

4-7-7 

1130]) 

275.6771 

0.0617 

18 

31 

-+   10.13 

4-8.6 

1 131  A 

275-6875 

0.0721 

16 

38 

—  0.43 

-ro.8 

1132B 

275.6969 

0.0815 

18 

38.5 

—  8.67 

-3.6 

1133C 

275.7049 

0.0895 

iS 

27.5 

—  7.15 

4.1.8 

1134D 

275-71.30 

0.0976 

15 

25 

—  16. 10 

-  3.0 

1 1 35  A 

275.7211 

0. 1057 

17 

29.5 

—  11.69 

■^5-4 

1136B 

275-7285 

n.1131 

19 

22 

-16.. 35 

-t-4.4 

ii.vC 

275-7361 

0. 1207 

16 

26 

—  21.34 

4-2.6 

1138D 

275-7437 

0.1283 

15 

18.5 

—  27.31 

—  0.8 

1139  A 

275-75-'! 

0.T367 

1 8 

25 

—  .32.75 

—  4.4 

1140B 

275 . 7604 

0.1450 

iS 

26 

—  28.63 

4-0.5 

1141  c 

275.7705 

0. 1 55 1 

19 

23 

—  23.40 

4;. 6 

UNIVERSITY  OF  MICHIGAN 
TABLE  II.     ANN   ARBOR  OBSERVATIONS— Continued 


KO. 

G.    M.   T. 
1912. 

PH.\si:. 

NO.   01' 
WNES. 

WT. 

VtLOClTV. 

0-C. 

REM.'^RKS 

1 142  D 

275-7802 

0. 1648 

18 

27-5 

—  23.56 

+  3-7 

1.-47  B 

289.5579 

0.0375 

'  15 

38 

+    5-10 

+  5-1 

1248  A 

289.5642 

0.0438 

15 

22.5 

+    0.55 

—  0.9 

1 249  C 

289.5712 

0.0508 

18 

27 

— -   0.48 

—  2.7 

125,0  D 

289 . 5802 

0.0598 

18 

35 

+    5-.52 

+  3-8 

1 25 1  A 

289.5885 

0.0681 

14 

19 

—   2.33 

—  2.3 

1252  B 

289.5962 

0.0758 

13 

14.5 

—   2.19 

+  0.4 

Poor. 

>-'53  C 

289.6017 

0.0813 

15 

33 

—  0.08 

+  4-9 

1254  D 

289.6066 

0.0862 

14 

26.5 

—   5.41 

+  2.0 

1255  A 

289.6121 

0.0917 

16 

22.5 

—   8.82 

+  1-3 

12^6  B 

283.6194 

0.0990 

17 

36.S 

—  15.41 

—  1.4 

1257  c 

289.6302 

0.1098 

14 

24 

—  22.06 

—  2.8 

1238  D 

289.6351 

0.1147 

16 

29 

-17.73 

+  3.7 

1 250  A 

289.6392 

0.1188 

14 

14-5 

—  23.99 

—  0.7 

1 260  E 

289.6434 

0.1230 

15 

--  ■  5 

—  32-51 

-7-7 

1261  C 

289.6479 

0. 1275 

il 

15.5 

-33-48 

-7-3 

Poor. 

12f2D 

289.6521 

0.1317 

15 

16.5 

--32.22 

-4-8 

1263  A 

289.6562 

0.1358 

II 

14 

—  29.19 

—  0.9 

Poor. 

1264  B 

289.6604 

n.1400 

II 

23  •  5 

—  27-23 

+  1.6 

1265  C 

289.6646 

0.1442 

13 

15 

—  23.30 

4-6.0 

1266  D 

289.6694 

0.1490 

15 

18 

—  33-49 

-4-2 

1267 

289.6748 

0.1544 

12 

18 

—  2;. 20 

4-3.8 

1268  A 

289.6794 

0.1590 

13 

24 

—  36.76 

-8.4 

1269  B 

289.6864 

0.1660 

19 

48 

—  20.25 

-r6.8 

1288  A 

291.6958 

0.0801 

15 

22.5 

—   8.56 

—  4-0 

1289  B 

291.7062 

0 . 0905 

19 

,W-5 

-   3-78 

+  5.8 

T  290  C 

29I.7'.l2 

0.0995 

15 

2r< 

—  13- II 

+  I.O 

Poor. 

1291  D 

291 •7243 

0.1086 

15 

12 

—  1 1  -  50 

+  7-0 

Poor. 

1292  A 

291 -7333 

0.1 174 

15 

20 

—  18.28 

+  4-3 

1293  B 

291.7424 

0. 1267 

20 

T  5 .  5 

-28.21 

—  2.2 

Poor. 

1294  c 

291.7514 

0 . 1  ?,:-.7 

18 

18 

—  28.73 

—  0.5 

1295  D 

291. 761 1 

0.1454 

18 

22 

—  28.66 

+  0.6 

1296  A 

291.7701 

.   0.1544 

20 

17-5 

—  20.71 

+  8.3 

1297  B 

291.7792 

0.1635 

18 

iS 

—  29.41 

—  1.9 

1298  C 

291.7882 

0.1725 

16 

18. 5 

—  21.64 

-^3-S 

12990 

291.7972 

0.1815 

16 

18.5 

—  14-42 

+  7-0 

no4  D 

298.61 1 1 

0.1381 

17 

31-5 

—  29.10 

+  0.5 

1305  .\ 

298.6229 

0.1499 

17 

24-5 

—  29.20 

-j-o.o 

I306B 

298.6340 

0.1610 

17 

26 

—  26.54 

+  1-5 

1307  c 

298.64T4 

0.1684 

18 

27-5 

—  24-41 

+  1.9 

1308  D 

298.6479 

0.1749 

16 

26.5 

—  21.23 

4-3-0 

1 309  .\ 

298.6555 

0.1825 

18 

25 

—  23.94 

—  3-0 

I  ^10  B 

29S.6590 

0.1860 

16 

15 

—  16.32 

+  3-0 

Poor. 

1311  C 

298.6653 

o.ooig 

16 

23.  S 

—  10.85 

-r-6.1 

1312  D 

298.6705 

0.0071 

17 

29.5 

—  IT. 21 

+  2.5 

rUlU.ICATIOXS  Dl-  Till';  fJi;SER\ATURV 
TAlU.l';  II      AXN  ARBOR  <  JliSIiRVATIOXS-Conliniicd. 
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PI.ATK 
NO. 

G.    .\1.   T. 
1912. 

Vll.Wi?.. 

SO.   O.- 
LI .NES. 

WT. 

vi-i.acn'i 

HK.M.XkKS. 

km. 

km. 

I.V3A 

298.6746 

0.0112 

20 

-7  ■  5 

—  10.13 

4    1.4 

i.?"4B 

298.6790 

0.0156 

'9 

2.1 . 5 

—   2.97 

+  6.3 

'315  C 

298.6830 

0.0196 

17 

j6,5 

—  10.78 

—  3.5 

UiOV) 

298.6871 

0.0237 

17 

2(us 

—   5-29 

-r  0.1 

131;  I'. 

298 . 6969 

0.0335 

18 

■\" 

+    3.. 14 

+  4.6 

I3IHC 

298.7010 

0.0376 

14 

1  ,• 

-   4.78 

-4.8 

I.V9D 

298.7052 

0.0418 

14 

Ji 

-i     2.42 

+  1.4 

1320  A 

298.7101 

0.0467 

16 

21 

--    0.69 

—  1.2 

Pour. 

1 32 1  P. 

298.7163 

0.0529 

18 

2-1  . 5 

—   0.77 

—  30 

1.^22  C 

298.7212 

0.0578 

18 

-7 

-'-    1-74 

—  0.2 

i.V'.^I) 

258.7260 

0.0626 

19 

27.5 

-f     4-14 

+  2.8 

\^2.i.\ 

298.7302 

0.0668 

17 

35 

■-■    7-15 

—  7.4 

1325  r. 

298.7.W4 

0.0710 

19 

44.5 

--   3-13 

+  2.2 

1.^26  c 

298.7,^85 

0.0751 

17 

29.5 

—    7-19 

-    .1.8 

1327  n 

208.743 t 

0.0800 

19 

40 

-   4-48 

1328  A 

298.7483 

0.0849 

19 

31.5 

'        —11.03 

-4-3 

l'..nr. 

i.WoC 

298.7573 

■  0.0939 

18 

37 

—   7-99 

+  3-3 

1.^.^1  n 

298.7621 

0.0987- 

19 

315 

—  19.19 

—  5.6 

I.W2.\ 

298.7670 

0.1036 

17 

27 

—   8.69 

^7-6 

i3.«  B 

298.7746 

0.1112 

20 

30 

—  22.06 

—  2.0 

i3.v;.C 

298.7S05 

0. 1171 

20 

44-5 

—  29.30 

—  6.8 

iVo  1' 

298.7941 

0. 1307 

19 

.•?4-5 

—  30.57 

—  3.5 

i.WfiA 

298.7083 

0.1359 

8 

17 

—  24.14 

+  4-1 

Poor. 

133;  !'■ 

208.8031 

0.1.197 

20 

.17-5 

—  27.54 

+  1-3 

J3.?«C 

29S . 8073 

0.1439 

19 

42.5 

-27.60 

+  1.6 

MioC 

312.5437 

0.1657 

15 

27 

-28.53 

—  1-5 

Poor. 

Mil  B 

3i2.5.S-'8 

0.1748 

18 

27 

—  24.70 

—  0.4 

14T2D 

312.5.^/6 

0. 1796 

19 

34.5 

—  20.77 

+  1-5 

1413  A 

312.5628 

0.1848 

20 

—  24.82 

—  4.9 

141-:  B 

312.56,-7 

0.1897 

17 

2. .5 

— 19. CO 

—  2.2 

1415  c 

312.5727 

0.0043 

17 

;8.5 

—  18.13 

—  0.9 

1416  I) 

312.5788 

O.OIOl 

20 

31 

—  15-81 

-3.8 

141- A 

312.5837 

0.0153 

17 

21.5 

—    5-34 

+  4.1 

M18B 

312.5896 

0.0212 

16 

30 

—  11.42 

—  4.9 

1419  n 

312.5944 

0.0260 

16 

25 

—    1.02 

+  3-2 

1420  D 

312.5996 

0.0312 

,7 

31 

—    4-22 

—  2.2 

M2I  A 

312.6045 

0.0361 

t6 

23 . 5 

—    2.27 

—  1.8 

Poor. 

1-122  B 

312.6097        1 

0.0413 

18 

^J 

-'-    4-99 

-L  41 

•  423  c 

312.6146      ! 

0.0462 

14 

18.5 

—    1.73 

-3-6 

1425  A 

312.6246 

0.0562 

18 

.34-5 

-f-    0.69 

-1-3 

1^26  B 

312.6299 

0.0615 

17 

27.5 

-    3.63 

—  5.1         1 

1427  C 

312.6399 

0.0715 

16 

25.5 

-    5.58 

-4.6 

1428  D 

312.64^8 

0.0764 

14 

25 

—    5-14 

--2.1 

1420  A 

312.6500 

0.0816 

16 

26 

—  10.69 

-5.6 

1430  B 

312.6548 

0.0864 

13 

17.5        1 

—  14.22 

—  6.7 

Poor. 

ISO 


rXRERSITY  OF  MICHIGAN 
TABLE  II.     A.\"N  ARBOR  OBSERX'ATIOXS— Continued. 


PL.\TE 
-NO. 

G.  .M.  T. 
1912. 

PH.\Sf:. 

.NO.  0I-- 
LINES. 

WT. 

XCLOCJTV. 

o-c. 

RE.M.VRKS. 

km. 

km. 

1431  c 

312.6601 

0.0917 

15 

22 

—  17.22 

—  71 

1432  D 

312.6649 

0.0965 

13 

21.5 

—  14.04 

—  1.4 

1433  A 

312.6701 

0.1017 

17 

25-5 

—  20.95 

-5-8 

1434  B 

312.6750 

0.1066 

IS 

24-5 

—  23.18 

—  5-7 

1435  c 

312.6861 

0.1177 

15 

20.5 

—  24.66 

—  2.0 

1436  D 

312.6920 

,  0.1236 

18 

25 

-28.50 

—  3-5 

1437  A 

312.6976 

0.1292 

18 

21 

—  25 . 72 

+  1.0 

1438  B 

312.7028 

0.1344 

19 

25-5 

-27.85 

—  0.2 

1439  c 

312.7076 

0.1392 

19 

24 

—  35-23 

-6.5 

.1440  D 

312.7128 

0.1444 

16 

20.5 

—  .^2.45 

-3-2 

1441  A 

312.7177 

0.1493 

18 

26.5 

-31.65 

-2.3 

144^  c 

312.7229 

0.1545 

19 

34 

-27.08 

T  1.9 

1443  D 

312.7277 

0.1593 

18 

26 

—  22.90 

-i-5-4 

1444  D 

312.7337 

0.1653 

14 

19.5 

—  28. 58 

—  1.5 

144.^  R 

312.7384 

0. 1700 

7 

8.5 

—  21.07 

4  5.9 

Poor. 

1446  C 

312.7451 

0. 1767 

II 

8 

—  21.57 

+  2.0 

Poor. 

1481  B 

326.6246 

0. 151 J 

22 

34.5 

—  32.48 

-3-2 

1482  C 

326.6358 

0. 1624 

21 

32.5 

-25.87 

+ 1.9 

1483  D 

326.6469 

0.1735 

20 

20 

—  22.54 

H-2.2 

1484  A 

326.6580 

0.1846 

21 

22 

-17.48 

-+2.5 

1485  B 

326.6691 

0.0052 

21 

21.5 

—  18.06 

—  3.3 

1486C 

326.6802 

0.0163 

21 

21.:; 

—  16.72 

'       —7.6 

Poor. 

1487  D 

326.6913 

0.0274 

20 

.38.5 

-  7-T7 

—  3.6 

1489  A 

326.7024 

0.0385 

19 

32.5 

—  0.05 

+  0.1 

1400 

3^6.7135 

0.0496 

17 

26.5 

-  1.84 

—  4.0 

'491  C 

326.7246 

0.0607 

18 

28 

-f-  0.09 

'  —1.6 

1402  D 

326.7358 

0.0719 

18 

27-5 

—  0.69 

4-0.4 

1493  A 

326.7469 

0.0S30 

17 

25-5 

—  9..^9 

—  3.8 

1494  B 

326.7580 

0.0951 

18 

27 

—  5 .  20 

+  6.8 

1495  c 

326.7691 

0.1052 

17 

23-5 

—  20 . 6g 

—  3.6 

1496  D 

326.7913 

0.1274 

17 

27 

—  18.14 

+  8.0 

1497  A 

326.8024 

0.1385 

14 

19.5 

—  25.34 

+  3-3 

1498  B 

326.8184 

0 . 1 545 

17 

28.5 

—  25.63 

^  3-4 

The  period  as  determined  by  Frost  was  used  as 
the  basis  for  obtaining  the  period  which  has  been 
used  in  this  discussion.  In  obtaining  the  new 
period  determinations  were  made  of  the  epochs  of 
the  cross-points  with  the  center  of  mass  axis  of 
the    velocity    curves    oljtained    on    the    different 


nights  at  this  Observatory.  These  values  were 
compared  with  the  epochs  for  the  points  as  given 
by  the  curve  drawn  by  Frost  for  July  6,  1906. 
The  differences  between  the  corresponding  times 
of  these  determinations  divided  by  the  assumed 
period  gave  the  number  of  cycles  which  had 
elapsed  between  these  two  dates  and  thereby  a 
means   was  afforded    for   the  correction   of   the 
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assumed   period.     'I'lie    following  values   of   the 
period  were  obtained  by  this  method. 

The  mean  period  of  o.  KJO4795  ^'^ys  was  adopt- 
ed and  used  tlirougiiout  this  investigation. 

PERUJl)  DKTKRMINATIONS. 
n.\Tc.  rERioi). 


Aujjust  29,  1912 

October  r,  1912 

October  i,  1912 

October  24,  1912 

October  24,  1912 

\ovember  7,   1912 

Xovember  7,  1912 

November  21,  1912 

November  21,  1912 
!\fean 


0.1904804  days, 
o.  1904792  days, 
o.  1904796  days, 
o.  1904794  days. 
0.1904792  days. 

0.1904784  days. 
0.1904796  days, 
o.  1904799  days, 
o.  1904799  days, 
o.  1904795  days. 


.^■()K^rAL  placKS 
The  observed  radial  veloeities  given  in  column 
6  of  Table  11  were  combined  into  normal  places 


with  phase  as  the  basis  for  grouping.  One  hun- 
dredth of  a  day  was  the  phase  interval  over 
which  each  normal  place  extended  and  accord- 
ingly nineteen  normal  places  were  formed.  The 
weight  for  each  place  was  determined  on  the 
Ijasis  of  the  sum  of  the  weights  of  the  plates  com- 
bined to  make  the  normal  place.  The  largest  of 
these  sums  was  taken  as  unity  and  the  rest  re- 
duced to  this  basis.  The  phases  were  reduced  to 
the  sun. 

The  normal  places  were  plotted  and  a  smooth 
curve  was  drawn  through  them.  Correction  to 
the  normal  place  velocity  for  curvature  of  the 
curve  was  then  investigated  at  the  maximum  and 
minimum  points  where  such  a  correction  would 
make  itself  most  manifest.  This  correction  proved 
to  be  very  .small  and  was  not  needed  outside  these 
regions.  Within  the  limits  where  it  was  appreci- 
able it  was  applied. 

The  following  talilc  gives  the  data  for  the  nor- 
mal places. 


TABLE  in.    NORMAL  PLACES. 


NO.   OF 

NO. 

PHASE. 

LIMJTS   01-    PH.\SE. 

VELOCITY. 

o-c. 

\VT. 

PLATES. 

I 

0.00^6 

0.00  to  O.OI 

—  14.-18 

-f  0.11 

0.522 

7 

2 

0.0166 

o.oi  to  0.02 

—  10.07 

—  1. 19 

0.616 

8 

3 

0 . 0269 

0.02   to   0.03 

-    3.88 

-r0.o8 

0.583 

7 

4 

0 . 0367 

0.03  to  0.04 

+     0.38 

-1-0.67 

0.808 

9 

5 

0.0464 

0.04  to  o.os 

+     2.84 

-1-0.98 

0.621 

8 

6 

0.0572' 

0.05  to  0.06 

+     2. Si 

-1-  0.71 

0.665 

8 

0.0648 

0.06  to  0.07 

+     O.OI 

—  0.91 

0.612 

7 

8 

0.0748 

0.07  to  0.08 

—  3.37 

—  1.17 

0.672 

7 

9 

0.0850 

0.08  to  0.09 

—  7.50 

—  0.77 

0.947 

10 

10 

0.0973 

0.09  to  0. 10 

-11.83 

+  1.24 

0.928 

10 

II 

0.1074 

0. 10   to   0.1  I 

—  17.09 

-I-1.14 

.      0.545 

7 

12 

0.1178 

O.II    to   0.12 

—  22.57 

-^0.33 

0.622 

7 

T"! 

0.1273 

0.12   to   0.13 

—26.26 

—  0.06 

0.561 

8 

IJ 

0. 1  ?So* 

0.13  to  0.14 

—  30.04 

-1.4S 

1. 000 

13 

15 

0.1472 

0.14  to  0.15 

—  20 . 65 

—  0 .  30 

O.7S8 

10 

16 

0.1575 

0. 15  to  0. 16 

-2S.43 

-1-0.21 

0.809 

Q 

17 

0. 1672 

0.16   to   0. 17 

—  -5 . 1 1 

-r  ' . ?5 

0.928 

II 

18 

0.1768 

0. 17  to  0. 18 

—  22.49 

4-  1.02 

0.609 

8 

19 

0.1863 

0.18  tn  0.19 

—  21.07 

—  1.62 

0.696 

9 
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LEAST    SQUARE    SOLUTIONS 

.\  definitive  discussion  of  the  orbit  requires 
that  the  most  probable  vahie  of  w  and  of  T  be 
found.  Both  of  these  values  can  not  be  con- 
veniently determined  from  the  least  square  solu- 
tion on  account  of  the  low  eccentricity.  From  an 
intensive  study  of  the  observations  in  which  dif- 
ferent values  of  w  were  assumed  and  the  cor- 
responding values  of  7"  computed  by  the  method 
of  least  squares  the  preliminary  elements  which 
are  given  below  were  adopted  for  the  final  least 
square  solution. 

PRELIMIN.ARY    KLEMEXTS. 

P  =0.190^795  days, 
T  —  0^.0543  Pliase,  or 

1912,  August  23-8119  G.  M.  T., 

e  —  0.044, 

"  =  +  5°  -175, 

a:- 16.125  km., 

7'  =—  i3.3Skm. 

The  method  used  in  the  least  square  solution  is 
essentially  that  outlined  by  Dr.  Schlesinger  in 
\'olume  I  of  the  Allegheny  Publications.  Assum- 
ing the  constancy  of  the  period  and  the  epoch  of 
periastron  and  employing  at  Professor  Curtiss's 
suggestion  dy',  the  correction  to  the  mean  ve- 
locity, instead  of  T  as  an  unknown,  the  normal 
equations  were  formed  from  which  the  correc- 
tions to  the  elements  were  found.  The  normal 
equations  are  as  follows  : 

.N'ORM.M,    EQU.\TIONS. 

-I-  i3.S32rf7'  — i.o83K-!-o.207T+  5.732e  +  o.  177  =  0, 

-|-7-I37/c-|-o.3i6t-|-o.I22c-|-  1.965  =  0, 

-I-  6.395'f  +  o.3i8e  — 4.499  =  o. 

-|-3.8o8e  —  0.121-^0. 

From  these  equations  the  values  of  the  unknown 
quantities  were  found  to  be 

e  = -1-0. 161, 
IT  =  +  0.7157, 

K~— 0.32-7, 

dy'  =  —  0.1 185. 

The  corrections  to  the  elements  were  now  ob- 
tained and  applied  in  the  manner  indicated.  The 
corrections  to  the  elements  are  as  follows: 

^e  =  —  0.0045, 

Au    -  _  2°  .  543, 
AAT  -=  —  0.327  km.. 
A7'  =  —0.1185  km. 


By  adding  these  corrections  to  the  Prcliminarx 
Ulcinciits  we  obtain  the  following 

IIXAL  ELEMENTS. 

P  =  o.  1904795  days. 
T  =  o'.0543  Phase,  or 

1912,  August  23.8119  G.  M.  T.. 
e  =  0.040  ±  0.015, 
w  =  -1-  2°  .632  ±  0°  .917, 
K  =  15.798  ±  0.24  km., 
7'  =  —  i.?.4Q85  ±  0.21  km., 
a  sin  J  ^r  40,541  km., 
7  =  —  M- 13  km. 

A  second  ephemeris  was  now  computed  on  the 
basis  of  the  corrected  elements  and  the  residuals 
formed  in  the  usual  sense.  These  residuals  were 
compared  with  the  corrected  residuals  of  the  first 
ephemeris.  The  resulting  dift'erences,  the  largest 
of  which  was  -|-  0.04  km.,  showed  that  a  second 
solution  was  unnecessary.  The  sum  of  the 
weighted  squares  of  the  residuals  was  reduced 
from  17.10  to  13.39.  The  change  in  this  quan- 
tity is  small,  which  shows  that  the  observed  ve- 
locities were  well  represented  by  the  assumed  ele- 
ments. The  probable  error  of  a  normal  place  of 
weight  luiity  was  determined  as  di  0.637  ^^■ 
The  probable  error  of  a  single  plate  was  ±:  2.95 
km. 

The  residuals  of  the  normal  place  velocities 
computed  from  the  final  elements  are  found  in 
column  5  of  Table  III.  A  glance  at  these  resid- 
uals reveals  at  once  an  alternation  of  positive 
and  negative  values,  suggestive  of  a  secondary 
oscillation.  In  Fig.  i  of  Plate  IX  the  normal 
place  observed  velocities  are  plotted  as  small 
circles,  and  the  velocity  curve  corresponding  to 
the  final  elements  is  drawn  as  a  continuous  line. 
The  regular  oscillation  of  the  observed  velocities 
above  and  below  the  curve  corresponding  to  the 
final  elliptic  elements  seems  well  indicated.  In 
this  figure  the  horizontal  heavy  line  represents 
the  mean  velocity  of  the  system.  The  line  of  long 
and  short  dashes  oscillating  about  this  horizontal 
line  represents  the  secondary  variation,  which 
when  superposed  upon  the  elliptic  velocity  curve 
yields  the  curve  of  short  dashes.  This  composite 
curve  evidently  satisfies  the  plotted  velocities  bet- 
ter than  the  elliptic  curve. 

At  this  point  the  advisability  is  suggested  of  a 
further   least    square    solution    containing   terms 
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determinative  of  tlie  elements  of  the  secondary 
oscillation.  It  is  hoped  that  this  solution  may  be 
made  in  connection  with  further  studies  of  this 
star.  For  the  present  in  drawing  the  curves  of 
Fig.  I,  Plate  IX,  after  several  trials  in  which  tlie 
period  of  the  secondary  oscillation  was  taken  to 
be  one-third  the  major  period,  the  semi-amplitude 
was  assumed  to  be  1.25  km.  For  the  present 
these  values  of  the  elements  of  the  secondary 
oscillation  may  be  taken  as  close  approximations 
to  definitive  values. 

OBSERVATIONS  OF  OCTOUKR  I,  I912. 

The  observations  made  on  the  night  of  October 
I,  1912,  show  a  shift  of  both  the  points  of  maxi- 
mum and  minimum  from  those  which  w'ere  gen- 
erally observed.  The  spectrograms  secured  on 
this  night  have  been  investigated  for  possible 
blend  etl'ects  with  negative  results.  These  spec- 
trograms seemed  not  to  be  different  from  those 
taken  on  other  nights.  The  lines  of  the  spectrum 
of  the  star  seemed  to  be  of  the  same  average  in- 
tensity and  the  average  weight  of  a  plate  of  this 
set  was  in  close  agreement  with  the  average 
weight  of  a  plate  of  a  set  taken  on  the  night  of 
October  24,  which  showed  no  variation  from  the 
generally  observed  results.  The  Observations  of 
October  I.  when  plotted,  (see  Plate  X.)  seemed 
to  be  well  satisfied  by  two  straight  lines.  How- 
ever, this  may  have  been  due  to  accident  and 
motion  in  a  conic  section  has  been  assumed  in 
the  reductions. 

In  order  to  investigate  more  thoroughly 
whether  the  divergence  of  the  velocities  of  Octo- 
ber I  from  the  mean  curve  was  real  or  due  to 
error  in  measurement,  or  to  other  sources,  the 
data  were  plotted  in  Plate  X,  a  set  of  preliminary 
elements  was  computed,  and  a  least  square  solu- 
tion was  undertaken.  The  assumed  elements,  de- 
termined by  the  45^  chordal  point  method,  (see 
page  i7iS  of  this  volume,)  were  as  follows: 

PRKLIMIN  \RV   EUF.MEXTS. 

P  -—  o.  190^795  days, 

II  r=  1890°  .0. 

T  =  o<l.c629,  Phase, 

c  =0.045, 

w  =  +  i3°-5.?. 
Ar  =  20.31  km., 
7'  =:  —  11.69. 


The  usual  method  of  jirocedure  was  followed, 
the  residuals  formed,  and  the  normal  e(|uations 
written  as  indicated. 

.NOK.MAI,  EyL'.\T10.S'S. 

1 1 .  1911/7'  —  i.286x  —  0.075ir  -|-  4.20o<  -1-  1.687  =  0, 

-I-  6.3^3«  +  o.38oir  -(-  o.oi4«  -\-  7.076  =  o, 

-f-4.87i-n-  -f  o.i65«  -|-  5.620  =  0, 

-I  2.549e-|-  1.679  =  0. 

FVom  these  equations  the  values  of  the  un- 
knowns were  determined  as  follows  : 

«  =  —  o..^o8, 

T  =  —  1 .062, 

K=— 1.088, 

1/7'  =  —  0.167. 

and  the  corresponding  corrections  to  the  elements 
are 

A(?  =  -f-  0.007. 

A(i>  =  -|-  2'  .9c6, 

^K  =—  1. 088  km.. 

A7'  =  —  0.167  km. 

.\dding  these  corrections  to  the  preliminary  ele- 
ments given  above  we  get  the 

1MN.\L    KLEMF.-NTS    I'OK   OCTOBER    I,    I912. 

P  =0. 1904795  days, 
T  =oi'.o628  Phase,  or 

1912,  August  23.8204  G.  M.  T., 
e  =0.052  ±  0.058, 
a  =  +  16°  .526  ±3^  .438, 
K  ^=  19.222  ±  0.7.11  km., 
7'  =  —  u . 857  ±  o.  744  km., 
7  =  —  12.88  km. 

An  ephemeris  was  computed  from  these  ele- 
ments and  the  residuals  formed  in  the  usual  man- 
ner. These  quantities  compared  with  the  cor- 
rected residuals  formed  from  the  ephemeris  based 
on  the  assumed  elements  showed  that  a  second 
solution  was  unnecessary.  The  sum  of  the  weight- 
ed squares  of  the  residuals  was  reduced  from 
95.300  to  85.710.  The  velocity  curve  correspond- 
ing to  these  final  elements  is  compared  with  the 
observations  and  the  mean  curie  in  Plate  X. 

The  difference  between  the  value  of  K  from 
the  mean  curve  and  that  for  October  i,  1912,  is 
considerably  greater  than  the  sum  of  the  prob- 
able errors  of  the  determinations.  The  indica- 
tion is  that  the  difference  is  not  due  to  accidental 
error  and  that  the  change  in  amplitude  on  Octo- 
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ber  I  was  due  to  an  unknown  cause.  Further  in- 
vestigation of  the  nature  of  this  change  would 
undoubtedly  be  of  value. 

Variations  of  the  maxima  and  minima  of  ve- 
locity curves  have  been  observed  in  the  cases  of 
/3  Orionis  by  Plaskett  and  p  Coronse  Borealis  by 
Cannon.  In  the  case  of  j8  Orionis,  Plaskett  at- 
tributes the  change  in  amplitude  to  blends  or  to 
the  perturbations  caused  by  a  third  body.  Cannon 
found  that  the  shift  of  the  maximum  of  ^  Coronse 
Borealis  was  periodic,  repeating  itself  in  about 
twelve  periods.  In  this  case  he  attributes  the 
effect  to  "a  three  body  system,  the  body  which 
gives  the  spectrum  measured  rc\'olving  aboi'.t  an- 
other in  40.Q  days,  and  the  two,  with  a  third, 
forming;'  a  period  of  perturbation  of  4(jo.8  days." 

DISCUSSION  OF  Tilt:  ELICMKNTS 

Period.  The  period  of  p  Cephei  may  be  com- 
pared with  those  of  the  short  period  variables 
W  Ursre  Majoris,  4"  o"',  and  14.1904  Cygni, 
3''  14™,  the  shortest  periods  known  to  the  writer. 
The  agreement  between  the  length  of  the  period 
observed  by  Frost  in  the  spring  of  1906  and  that 
determined  at  this  Observatory  in  the  fall  of  1912 
is  interesting.  We  can  assume  the  value  of 
4''  34""  17''.4  to  be,  on  the  average,  the  ])eriod  for 
the  last  six  years. 

Eccentricity.  If  we  apply  the  probable  error 
in  the  most  favorable  way  to  the  value  of  the 
eccentricity  as  given  by  the  definitive  elements, 
we  find  an  agreement  of  this  element  with  that 
given  by  Frost  for  July  6,  1906. 


iRosT,  igo6. 


CRU.MP,    I9IJ. 
C.04  ±  0.015. 


These  values  indicate  that  the  orbit  is  nearly 
circular  and  the  agreement  shown  above  would 
indicate  constancy  of  form. 

Tlic  Angular  Distance  from  Pcriastron.  A  con- 
siderable degree  of  uncertainty  pertains  to  the 
value  of  M.  Possibly  the  large  difference  be- 
tween Frost's  value  of  165°  13'  and  that  of  2°.63 
determined  here  is  due  to  the  uncertainties  con- 
nected with  the  small  eccentricity. 

The  Time  of  Passage  through  Ascending  Node. 
The  value  of  T  depends  upon  w  and  is  therefore 
difficult  to  fi.x  in  a  nearly  circular  orbit.     In  this 


discussion  it  has  been  found  to  be  1912  August 
5.8119G.M.T. 

J'clocity  of  the  System.  The  two  determina- 
tions of  the  element  7  by  Frost  and  that  which  I 
made  are  as  follows : 


July  6,  1906 
.\pril  _'0,  1012 
August  .=i,  191.2 


-  4.  9  km.         Frost. 

-  10.   2  km.         Frost. 
14.1,1km.         Crump. 


The  values  indicate  a  change  in  the  center  of 
mass  velocity.  A  variation  of  this  element  has 
lieen  established  in  the  case  of  Polaris  and  sus- 
pected by  Belopolsky  in  the  case  of  8  Cephei. 
In  no  other  cases  of  Cepheid  variables  are  ob- 
servations concerning  this  variation  available  for 
study.  The  change  in  the  velocity  of  the  center 
of  mass  may  possibly  be  attributed  to  the  action 
of  a  third  body. 

The  Semi-Amplitude.  That  the  half  ampli- 
tude of  the  velocity  curve  K  is  subject  to  varia- 
tion was  shown  by  the  variant  curve  observed  on 
October  I,  1912.  During  the  series  of  observa- 
tions this  was  the  only  instance  of  large  variation 
observed.  If  we  compare  the  value  as  deter- 
mined in  1906,  of  16.9  km.,  with  the  value  as 
obtained  at  this  Observatory  in  1912,  of  15.8  km., 
we  observe  a  fair  agreement.  Though  this  ele- 
ment may  vary  from  cycle  to  cycle  we  do  not 
know  whether  tlic  average  value  of  tliis  quantity 
is  changing. 

SUMM.VRY  AND  CONCLUSION 

I.  As  a  result  of  this  investigation,  definitive 
elements  of  the  orbit  of  p  Cephei  have  been  deter- 
mined from  163  velocity  observations,  whose 
average  probable  error  determined  from  an 
elliptic  curve  was  found  to  be  ±  2.95  km. 

The  period  of  4''  34"  17^.4  is  the  shortest  period 
which  has  thus  far  been  observed  for  a  spectro- 
scopic binary.  The  agreement  between  the  value 
determined  by  Frost  in  1906,  and  that  determined 
by  the  writer  in  1912,  to  the  sixth  decimal  place 
in  days,  indicates  that  on  the  average  the  period 
remained  constant  during  the  interval  of '  six 
ytars. 

The  eccentricity  of  0.040  shows  that  the  orbit 
is  almost  circular.  This  element  is  in  agreement 
with   the  general  observation   of   astrophysicists 
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that  spcctroscupic  l)inafics  of  early  tyi)c  have 
small  eccentricities.  It  is  the  smallest  eccentricity 
tliat  has  been  determined  for  a  variable  of  the 
8  Cephci  type. 

In  nearly  circular  orbits  thj  vahie  of  the 
angular  distance  of  pcriastron  is  more  or  less  ini- 
certain.  In  this  case  the  eccentricity  is  so  small 
that  both  tu  and  T  can  not  lie  easily  determined 
from  a  least  square  solution,  and  consequently, 
different  values  of  w  were  chosen  and  the  corre- 
sponding times  of  periastron  passage  computed. 
The  value  of  this  element  which  seemed  the  best 
determined  was  used  with  the  corresponding 
value  of  T  in  the  preliminary  elements.  Assum- 
injj  this  valre  of  T  as  fixed,  a  final  least  square 
solution  gave  the  corrected  value  of  <«  as  -|-  2^.63. 
This  determination  seems  as  good  as  could  be  ex- 
pected. The  large  difiference  between  this  value 
and  that  of  Frost  in  190'S  may  be  due  to  uncer- 
tainties affecting  its  determination. 

2.  The  observations  indicate  a  secondary  oscil- 
lation whose  period  appears  to  be  about  one-third 
of  the  primary.  Such  an  o.scillation  has  been  ob- 
served by  Professor  Curtiss  in  \\'  Sagittarii,  and 
a  similar  one,  though  reversed,  has  been  found 
by  Campbell  in  the  case  of  ^  ("leminuruni.  At 
present  the  cause  of  such  oscillations  is  not 
known,  although  Professor  Curtiss  has  suggested 
a  possible  explanation  in  these  PubUcal'wns,  Vol. 
I,  p.  109.  The  presence  of  a  secondary  oscillation 
may  prove  to  be  a  further  indication  of  variation 
of  the  8  Cephei  type. 

3.  The  velocity  curve  determined  by  the  writer 
together  with  the  light  curve  observed  at  the 
Berlin-Babelsberg  Observatory  confirms  Guth- 
nick's  conclusion  that  fi  Cephei  is  a  variable  star 
of  the  8  Cephei  type.  The  disagreement  observed 
of  about  one-seventh  of  the  period  between  the 
points  of  light  maximum  and  maximum  velocity 
of  approach  is  the  same  as  that  observed  in  Y 
Sagittarii,  but  occurs  on  the  descending  instead 
of  the  ascending  branch  of  the  velocity  curve. 


This  variation  may  possibly  be  connected  with 
the  closeness  of  the  components  of  the  system. 
The  time  interval  between  the  minimum  of  light 
and  the  minimum  velocity  of  approach  is  ob- 
served to  be  about  one-fifth  of  the  period.  Al- 
though this  disagreement  is  large  it  would  not 
necessarily  exclude  it  from  the  8  Cepheid  class 
of  variables.  In  the  cases  so  far  observed  the 
agreement  between  the  points  of  minimum  light 
and  minimum  velocity  of  approach  has  not  been 
so  close,  on  the  average,  as  that  between  the 
maximum  of  light  and  the  maximum  velocity  of 
approach.  The  disagreement  may  be  due  to  vari- 
ations caused  by  the  ellipsoidal  form  of  the  mem- 
bers of  the  system,  or  by  other  conditions  re- 
lated to  the  extremely  short  period. 

4.  The  observations  made  at  this  Observa- 
tory indicate,  as  does  the  unpublished  observation 
of  April  29,  191 2,  kindly  communicated  to  me  by 
Professor  Frost,  a  shift  of  the  center  of  mass 
velocity  from  that  determined  on  July  6,  1906. 
Only  in  three  cases  of  Cepheid  variables,  /3 
Cephei,  Polaris,  and  8  Cephei,  are  the  data  avail- 
able for  the  determination  of  the  existence  of  a 
variation  of  the  velocity  of  the  center  of  mass. 
In  the  first  two  cases  named  the  variation  is  pres- 
ent and  in  the  third  its  presence  is  suspected.  Fur- 
ther observations  would  be  of  interest  to  deter- 
mine whether  this  is  a  characteristic  of  variables 
of  the  8  Cephei  type. 

5.  A  variation  in  the  amplitude  of  the  ve- 
locity curve  was  detected  and  studied.  While 
the  amplitude  has  varied  in  one  case  at  least  we 
do  not  know  that  the  average  value  of  this  quan- 
tity is  changing. 

It  is  with  pleasure  that  I  acknowledge  my  in- 
debtedness to  Professor  R.  H.  Curtiss  for  help 
and  supervision  throughout  this  investigation,  to 
Professor  G.  W.  Hess  for  aid  in  securing  the 
spectrograms,  and  to  Doctor  Laurence  Hadley 
for  valuable  assistance. 

Detroit  Observatory,  Ann  Arbor,  Michigan, 
August,  1915. 


THE  SPECTRUM  AND  RADIAL  VELOCITY  OF  RHO  LEONIS 

By  BERNHARD  H.  DAWSON 


Rho  Leonis,  a  =  lo''  27". 5,  S  ^  -)-  9  '  49',  was 
announced  as  a  spectroscopic  binary  by  Campbell 
in  Lick  Observatory  Bulletin,  5,  174  on  the  basis 
of  six  plates  by  the  Lick  observers.  Although  it 
was  later  withdrawn  from  their  list,  there  had 
been  obtained  by  Harper  in  the  meantime  sixty- 
five  spectrograms  which  had  a  range  of  thirty 
kilometers  and  thus  seemed  to  confirm  the  varia- 
bility of  the  radial  velocity,  but  without  indicating 
any  period. 

This  star  was  placed  on  the  observing  list  at 
.Ann  Arbor  and  forty-three  spectrograms  were 
obtained  by  Curtiss  and  Mellor  on  twenty-one 
nights  in  1913  and  1914.  These  have  all  been 
measured  by  the  writer. 

THE   TOT.\L  LIGHT 

The  visual  magnitude,  as  given  in  the  Harvard 
Photometry,  is  3.8;  and  since  this  star  is  of  early 
type,  the  photographic  magnitude  is  probably 
about  0.2  magnitude  brighter.  The  writer  is  not 
aware  of  its  ever  having  been  suspected  of  varia- 
bility. 

THE  SPECTRUM 

The  spectrum  is  classed  in  the  Harvard  Annals 
as  Bop,  it  being  peculiar  in  having  more  lines 
than  are  usually  found  in  B  type  spectra.  As 
many  as  71  lines  have  been  found  measurable  on 
a  single  plate,  and  a  total  of  93  lines  have  been 
measured  on  two  or  more  plates  and  can  thus  be 
considered  as  certainly  in  the  star.  The  wave 
lengths,  intensities  and  a  partial  identification  of 
these  lines,  together  with  other  data  explained 
below,  as  given  in  Table  I.  The  probable  errors 
in  column  5  of  this  table  are  based  on  the  agree- 
ment of  the  wave-lengths  deduced  from  the  sev- 
eral plates,  and  do  not  include  the  systematic  un- 
certainties (of  the  order  of  0.02  ,\)  of  the  cor- 
rected interpolation  curve. 

-As  noted  by  Curtiss  (these  Publications,  Vol. 
I.  p.  131)  the  carbon  (?)  group  at  A 4649.6  ap- 
pears as  a  single,  rather  broad  line.    The  remain- 


ing lines  of  the  spectrum  are  generally  sharply 
defined  and  easily  measurable  with  this  disper- 
sion. On  a  few  plates,  notably  Nos.  1721,  1804 
and  2683,  the  star  lines  in  the  violet,  excepting 
the  K  line,  are  considerably  broader  than  in  the 
majority,  while  the  K  line  and  the  lines  of  the 
comparison  spectra  remain  sharp.  This  would 
perhaps  indicate  that  the  spectrum  was  that  of  a 
binary  with  both  components  bright.  But  the 
remarkably  sharp  definition  of  the  lines  in  the 
green  and  blue  of  plate  No.  1804,  and  the  fact 
that  only  in  a  few  sporadic  cases  has  anything 
like  doubling  been  actually  observed  would  indi- 
cate that  this  was  not  the  true  cause,  or  at  least 
cast  considerable  doubt  on  the  validity  of  such  a 
conclusion.  In  the  few  cases  that  a  line  has  ap- 
peared double  or  blended,  as  often  as  not  values 
markedly  inconsistent  with  the  means  of  the  other 
lines  (which  would  of  course  include  both  com- 
ponents) were  obtained  by  setting  on  the  mean 
of  the  pair.  Again,  if  this  broadening  of  the 
lines  be  due  to  relative  velocity  of  two  com- 
ponents, they  must  revolve  in  a  very  short  period, 
for  against  plate  No.  1721  we  have  plate  No. 
1720.  taken  less  than  an  hour  earlier,  in  which 
the  lines  are  sharp,  and  against  plate  No.  2683 
we  have  plates  both  before  and  after  in  which 
the  efiFect  is  much  less  marked. 

The  K  line,  contrary  to  Mr.  Harper's  experi- 
ence at  Ottawa,  seems  to  be  at  all  times  well  de- 
fined on  these  .plates.  In  those  plates  in  which 
it  was  not  measured  the  cause  was  not  poor  defi- 
nition, but  the  fact  that  the  exposure  was  insuffi- 
cient to  make  anything  measurable  in  that  part 
of  the  spectrum,  for  which  the  (old)  prism  is 
rather  strongly  absorptive.  As  the  measures  were 
made  and  the  reductions  begun  with  the  idea 
that  the  K  line  velocity  would  not  agree  with  that 
from  the  other  lines,  the  measures  of  this  line  and 
the  few  measures  of  the  H  line  that  were  made 
were  kept  separate  throughout  the  discussion. 

None  of  the  plates  were  sensitized  for  the 
\isual  region. 


ITlIIJCATIoXS  OF  Till-:  OBSERVATORY 
TABLK  I.    WAMM.EXC.TIIS  dl'  LINKS   IX  THE  SPECTRUM  OF  RHO  LEONIS. 
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WAVE- 
LENGTH. 


NO.  OF 

m!:as. 


ASSUMED 
WAVE-LF.NCTH. 


(I) 
.\ 

3889.1 

3912-3 
3919- 1 
3926. 8 


3945-2 
3954-5 
3955-8 
3964-84 


3970.25 
3973-51 
3995-13 
4009.41 
4026.33 


(2) 


I 'A 

4!/2 


3'/2 


4035-23     . 

4041-57 

4044-3 

4069.88 

4072-37 

4076.03 

4079.1 

4081.2 

4084.6 

4085.2 

4086.8 

4089-21 

A'A 

4097-22 

4101-85 

23 

4116-34 

4II9-6 

V2 

4120.88 

4138.9 

4143-90 

6/2 

4153-59 

4185-6 

1/2 

4190.02 

IH 

4227.90 

4237-21 

i;/. 

4240.27 

2'4 

42.=;3-S7 

2 

4267.34 

2K2 

4285 . 16 

VA 

4304.2 

I 

4317-37 

2 

(3) 
3 


(4) 


(5) 
A 


0.009 

0.027 

O.OIO 
0.020 
0.010 


0.016 


0.021 
0.029 

0,018 


0.019 
0.039 
O.OII 

0.036 


0.028 


0.013 

0.041 


0.052 


0.044 

0.021 


0.018 
0.017 


(6) 
Hi 


Ca 


(7) 
A 


(8) 


He 


3933-825  K,  Rowland. 


Ca  396S.625  H,  Rowland. 

Hj 


4026.37  Runge  and  Paschen. 


Si  4089.00 

Si  or  X  

H5  4101.92 

Si  


Lunt. 


4253-77 
4267.15 


Eder  and  \'alenta. 
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TABLE  I.    WAVE-LENGTHS  OF  LINES  IX  THE  SPECTRUM  OF  RHO  LEONIS— Continued. 


LUiNGTH. 
WAVE- 

INT. 

NO.  OF 
MEAS. 

CLASS. 

p.  E. 

SOURCE. 

ASSUMED 
WAVE-LENGTH. 

AUTHORITY. 

CO 

(2) 

(3) 

(4) 

(5)         ' 

(6) 

(7) 

(s; 

A 

A 

A 

4.^iy.8g 

2 

15 

b 

±  0.036 

0 

433-' -7 

;/ 

3 

c 

43.V-I9 
4340.62 
4.^-l5-6i 

4349-^^1 

4351-6 

43f''6.95 

4372.1 

4.^88.05 

4414-91 

4417.20 

4425-2 

4427.7 

4437-3 

4447-27 

44.52.6 

4471.65 

4481.23 

4530.4 

45.52.81 

4567-97 

4574-92 

45.S7.4 

4591.21 

4.506.62 
4601.78 
4607.23 
4614.05 
4621 .48 

4626.9 

4630.66 

4634.2 

4638.78 

4642.36 

4649-64 
4661.87 
4676.22 
4705.46 
4713.37 

4S03-7 

4819.4 

4838.0 

4R61.47 

4006.08 

4911.8 
4922 . I I 
4946.7 


2'/, 
I. ■'J 

I 


Va 
1/ 


14 

4 

I/, 

4 

2 

34 

'/^ 

2 

1/ 

2 

V. 

2 

Q 

39 

'A 

4 

I 

3 

-A 

36 

A 

2 

0.009 
0.039 
0.014 

0.029 


O.OII 

0.026 
0.032 


0.061 


0.012 
0.052 


O.OIO 
O.OII 

0.023 


0.041 

0.055 
0.038 
0.053 
0.079 
0.139 


0.043 

0.023 

0.018 
0.034 


0.018 


0.013 


H7                  4340.634  Rowland. 

O  i      i 


H/3 


He 


438S.IO 


447 1. 6S 


4.552.762 
4567.967 
4574-918 


He  47'3.3i  Runge  and  Paschcn 


4861.527 


4022.096 


Runge  and  Pasciien. 


Runge  and  Paschen. 


Albrecht. 
Albrecht. 
Albrecht. 


C  '  4649.68  Hartniann 


Rowland. 


Runge  and  Pascbcn 
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I-ORMUR    RADIAL    VELOCITIES 

Six  spectrograms  of  Rho  Leonis  were  obtained 
by  tbe  Uck  observers  in  1902-11J08,  and  from  tlic 
discordance  of  the  liftli  Campbell  announced  the 
variability  of  the  radial  velocity  in  Lick  Obsciva- 


■      TABLK 

la.    LINKS  SUSPECTED  l.\ 
SPECTRUM. 

THE 

WAVE- 

PI..\TE 

W.\VE- 

PL.\TE 

LENGTH. 

NUMBER. 

LENGTH. 

NUMBER. 

3962.1 

1878 

4419. 6t 

1903 

3983.5 

1878 

4422. 3t 

1903 

4032-9 

1707 

4(42.4 

2704 

-4093-1 

2<.8l 

4.=;8l.4t 

2704 

.41 1 1 .0 

2682 

4636.6 

2704 

4169.4 

1707 

4665.8 

1804 

4174-0 

1803 

4669.8 

1804 

4176.2 

1805 

4698.8 

1656 

4200.2* 

1707 

4709.6 

1804 

4233-6 

2660 

4741 -9 

1744 

4249-6 

2660 

4774  0 

180  J 

4262.4 

1878    . 

4800.3 

1804 

4295.8 

2702 

4807.1 

1804 

4327.4 

2695 

4813.8 

1804 

4383.1 

7707 

4970.0 

2687 

4410.0 

1879 

4993. 8 

2687 

*  H3'.    +  Perhaps  parts  of  bands. 

tory  Bulletin,  \'o\.  5,  p.  174.  But  in  a  list  of 
errata,  {ib.,  \o\.  6,  p.  iv.)  the  values  of  the  ve- 
locity from  this  plate  are  corrected  and  the  star 
removed  from  the  list  of  binaries.  As  thus  cor- 
rected, the  velocity  from  this  plate  is  -|-  41.3  km., 
using  the  mean  of  two  measures,  while  the  other 
plates  range  from  that  to  -f  35.3  km.  The  mean 
of  all,  giving  half  weight  to  the  fourth,  which  is 
published  as  being  somewhat  uncertain,  is 
r=  4- 38.8  ±0.74  km., 

where  the  probable  error  of  it  0.74  km.  does  not 
contain  the  effects  of  elements  systematic  to  the 
series. 

Harper  at  Ottawa  obtained  65  plates  in  1910- 
1912,  and  using  only  eight  lines  in  the  determina- 
tion, deduced  radial  velocities  ranging  from  -L  30 
km.  to  -|-  52  km.,  excluding  two  doubtful  plates. 
After  an  unsuccessful  attempt  to  find  a  period 
to  fit  the  variation  indicated  he  expressed  it  as  his 
belief  that  the   variation   was   real,   though   not 


definitely  established.  The  measures  are  pub- 
lished in  some  detail  in  I'tiblicatious  of  the  Do- 
minion Obsenvtory,  Vol  i,  p.  337,  where,  on  the 
supposition  of  constant  velocity,  he  derives  from 
them,  (i>age  351  j,  the  value: 

>'  =  4- 43.2  ±  3.4  km. 

Using  the  data  of  these '  plates,  Schlesinger 
(.-istrof'hysical  Journal,  \'ol.  41,  p.  166)  deduced 
a  i)eriod  of  12.28  days,  saying  that  the  orbit  was 
probably  highly  eccentric  with  periastron  near 
the  descending  node  and  an  amplitude  of  the  ve- 
locity curve  of  about  20  km.  On  the  basis  of 
this  period  all  the  extremely  low  velocities  fall 
witliin  a  day  of  the  phase  7.3  days,  the  date  of 
I  larpcr's  first  plate  being  the  zero.  The  possible 
range  of  period  for  which  they  all  fall  within 
1.5  days  of  a  single  phase  is  from  12.19  to  12.38 
days. 

THE   ANN   ARIiOR   RADIAL  VELOCITIES 

The  Ann  Arbor  radial  velocities  were  deter- 
mined from  43  plates  taken  with  the  37/^"  Re- 
flector and  single  prism  spectrograph.  All  of  the 
plates  except  No.  1708  are  on  Seed  23  emulsion 
with  titanium  spark  comparison.  In  No.  1708  a 
Red  Label  Lantern  Slide  plate  was  used  by  mis- 
take, and  the  spectrum  is  consequentl)'  consider- 
ably underexposed.  These  plates  were  all  meas- 
ured by  the  writer  with  the  engine  mentioned  on 
page  80  of  \'ol.  I  of  these  Publications,  according 
to  the  customary  method  here,  assigning  weights 
to  the  various  lines  on  the  return  measures.  All 
the  lines  that  could  be  well  seen,  except  the  He, 
were  generally  set  on.  although  only  a  part  of 
these  measures  were  intended  for  velocity  deter- 
mination. The  K  line,  and  the  H  line  where 
measured,  were  kept  separate  in  the  reductions. 
After  reduction  to  mean  dispersion  fifteen  lines 
were  selected,  each  of  which  had  been  measured 
on  nearlv  all  the  plates,  and  for  which  wave- 
lengths were  at  hand.  With  these  lines  a  pre- 
liminary reduction  was  made,  and  upon  them 
alone  the  final  mean  velocity  depends.  They  are 
designated  by  a  in  column  4  of  Table  I.,  and 
have  the  originally  assumed  wave-length  and  au- 
thority given  in  columns  7  and  8  of  the  same 
table.  As  the  star  was  supposed  to  be  a  spectro- 
scopic binary,  it  was  desirable  to  have  better 
values  of  the  relative  velocities  from  the  different 
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plates,  and  these  lines  were  accordingly  reduced 
to  homogeneity  by  applying  corrections  to  the 
wave-lengths  such  that  the  weighted  mean  of  the 
residuals  of  each  individual  line  was  reduced  to 
zero.  At  the  same  time  these  preliminary  veloci- 
ties were  used  to  determine  the  wave-lengths  of 
eighteen  other  lines  and  to  make  them  homo- 
geneous with  the  first  group.  These  eighteen 
lines  are  designated  by  b  in  column  4  of  Table  I. 
With  these  33  homogeneous  standards  a  final  re- 
duction was  made  and  velocities  obtained  which 
are  exhibited  in  Table  II,  together  with  the  num- 
ber of  lines  used  in  obtaining  each  and  the  prob- 
able error  deduced  from  their  agreement.  These 
velocities  were  then  used  to  determine  approxi- 
mate wave-lengths  of  the  remaining  lines.  The 
number  of  lines  so  determined  on  each  plate  is 
given  in  column  Q  of  Table  II,  and  the  lines  are 
designated  by  c  in  Tabic  I. 

In  \iew  of  the  fact  that  a  large  number  of 
lines  was  used  and  that  their  character  in  the 
spectrum  varies  considerably  from  plate  to  plate 
it  was  not  thought  advisable  to  go  through  the 
process  of  reweighting  them,  and  the  weights 
assigned  to  the  individual  lines  at  the  time  of 
measurement  were  retained  unaltered  in  the  re- 
duction of  each  plate.  But  as  the  measures  ex- 
tended over  several  months  it  is  not  only  likely 
from  a  priori  considerations,  but  also  evident 
from  the  work  itself,  that  the  weight  assigned  to 
a  line  of  given  value  was  different  in  different 
parts  of  the  series,  while  still  sensibly  constant 
for  any  one  plate.  Since  the  sum  of  the  weights 
of  the  individual  lines  could  not  be  used  as  the 
weight  of  the  plate  in  comparing  the  various 
plates,  the  weighting  of  the  plates  became  a  prob- 
lem. Assigning  values  proportional  to  the  inverse 
squares  of  the  probable  errors  was  seen  to  give 
fictitious!}'  high  weights  to  several  of  the  plates 
with  few  lines,  and  to  be  no  more  reliable  than 
the  sums  of  the  original  line  weights.  It  was 
found  that  by  dividing  the  number  of  lines  used 
in  velocity  determination  by  the  probable  error 
of  the  plate,  quantities  were  obtained  which  ex- 
press very  nearly  the  writer's  estimate  of  the 
values  of  the  plates  from  a  rapid  review  of  them 
under  the  microscope,  and  this  method  of  weight- 
ing was  accordingly  adopted.  The  weights  thus 
assigned  are  given  in  column  7  of  Table  II. 


The  velocities  obtained  were  first  plotted  on  the 
basis  "of  Schlesinger's  period,  but  showed  no  sign 
of  variation  in  any  such  period.  The  weighted 
mean  of  the  plates  was  accordingly  taken,  giving: 

F=  -I-  41.1  ±  0.23  km. 
At  the  same  time  the  probable  error  of  an  aver- 
age plate  was  found  to  be 


while  the  probable  error  deduced  from  the  in- 
ternal agreement  of  the  lines  is 

f  I  =  ±  1 .  23  km. 

Introducing  the  quantity  e.  used  by  Curtiss  (these 
Publications,  \"ol.  i,  p.  134)  and  defined  by  the 
relation 


we  derive  the  result. 


:0.86  km. 


Since  this  value  of  e.,  is  no  greater  than  experi- 
ence with  the  spectrograph  employed  here  would 
lead  us  to  expect  for  this  star  in  case  its  velocity 
were  constant  the  indication  is  that  the  Ann  Arbor 
radial  velocities  contain  no  evidence  of  variability. 
The  fact  that  the  Ottawa  observations  of  this 
star  satisfy  a  period  makes  it  necessary  to  limit 
as  above  the  statement  relative  to  the  velocity 
variability,  especially  as  none  of  the  Ann  Arbor 
observations  are  at  phases  exactly  corresponding 
to  Schlesinger's  minimum,  but  since  there  should 
be  some  variation  indicated  in  the  remainder  of 
the  period  as  well  as  at  minimum,  and  the  Ann 
Arbor  velocities  show  none,  it  can  at  least  be 
said  that  while  the  Ann  Arbor  observations  do 
not  supply  sufficient  evidence  for  stating  definite- 
ly that  the  radial  velocity  is  constant,  they  never- 
theless materially  strengthen  the  evidence  in  favor 
of  such  a  conclusion  and  make  the  agreement  of 
Harper's  low  velocities  with  Schlesinger's  period 
seem  more  probably  fortuitous  than  the  result  of 
any  real  variation. 

THE  K  LINE 

The  K  line  was  measured  on  twenty-three  of 
the  forty-three  plates,  and  as  before  stated,  these 
measures  were  kept  separate.  Taking  the  weight- 
ed mean  of  all,  we  deduce : 


^■elocitv  from  the  K  line  : 


±1.21  km. 
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.NO.  Ol- 

U.MK,  G.  M.T. 

GE.NICR.VL   LIMIS. 

K    LINK. 

ri..\TE. 

UUSKkVlCK. 

1 

Vl-X. 

NO. 

P.  E. 

WT. 

RESID. 

NO. 

VEL.        1    WT. 

(I) 

(2) 

(3) 

(4) 

*5) 

(6; 

(7) 

(8) 

(0) 

(10)           III; 

1913           <1. 

km. 

km. 

km. 

km. 

1651 

Curtiss 

April        5.742 

+  40.8 

16 

±  1-3 

12 

—  0.3 

I 

+  26.1 

I 

.655 

Curtiss 

6.636 

+  40.4 

23 

1 .1 

20 

—  0.7 

3 

—   3 

2 

2 

1656 

Curtiss 

6.650 

+  40.3 

23 

1-3 

18 

—  0.8 

2 

+   9 

0 

2 

1679 

Curtiss 

13.625 

+  39.8 

24 

1.1 

23 

—  1.3 

I 

0 

0 

1 

1680 

Curtiss 

13.648 

+  42.1 

25 

1.4 

19 

+  1.0 

0 

—  6 

7 

1 

1707 

Mellor 

16.647 

+  40.8 

a 

0.9 

35 

—  0.3 

29 

—   3 

0         3 

1708 

Mellor 

16.6O9 

+  36.2 

10 

3-0 

3 

—  4.9 

0. 

1720 

Curtiss 

19-588 

+  42-3 

27 

I.I 

24 

+  1.2 

1 

—   5 

7         2 

1721 

Curtiss 

19.620 

+  39-7 

26 

1.0 

26 

—  1.4 

0 

—    3 

8          1 

1731 

Curtiss 

20.613 

+  37-7 

27 

eg 

32 

-■3-4 

3 

+    5 

2         2 

173-2 

Curtiss 

20.631 

4-42.2 

20 

0.6 

32 

+  1-1 

0 

1743 

Mellor 

23.622 

+  36.8 

25 

I  -3 

19 

—  4-3 

I 

+    5 

3        ;:■ 

1 744 

Mellor 

23-644 

+  40.6 

24 

1 .2 

20 

—  0-5 

I 

1745 

Mellnr 

23.653 

+  42.2 

30 

1 .0 

3J 

+  1-I 

0 

+    5 

3       ;i- 

1804 

Curtiss 

May         1.664 

+  41-9 

27 

1-3 

21 

+  0.8 

14 

+   8 

0         ;  J 

1805 

Curtiss 

1.680 

+  43-1 

25 

1.2 

20 

+  2.0 

8 

+  I" 

8         !:■ 

1818 

Curtiss 

3.608 

4-39-2 

28 

1.3 

22 

—  1.9 

10 

1819 

Curtiss 

3-626 

+  40.2 

27 

1.6 

18 

—  0.9 

6 

1839 

Mellor 

7. 611 

+  44-3 

2i 

1  -4 

20 

+  3-2 

8 

1840 

Mellor 

7-630 

+  40.7 

24 

I .  I 

21 

—  0.4 

3 

1878 

Curtiss 

18.598 

+  38-1 

33 

C.8 

a:> 

—  3.0 

.'J 

- 

-        • 

18,-9 

Curtiss 

18.616 

+  3»-7 

3J 

1 .2 

25 

—  2.4 

9 

-r    3 

8           '. '. 

1503 

Curtiss 

31.62S 

+  43-5 

23 

1 .2 

-'0 

+  2.4 

6 

1904 

Curtiss 

31.648 

+  43-2 

;8 

I  -J 

22 

+  2.1 

1 1 

i960 

Curtiss 

June         8.599 

+  36.2 

18 

I  -4 

13 

—  4-9 

I 

ir6i 

Curtiss 

8.623 
1914 
March    20.671 

+  41-2 

8 

2.0 

4 

-{-0.1 

0 

265o 

Curtiss 

+  JI.2 

19 

1 .0 

19 

+  0.1 

1 8 

+  14 

6          I 

26' 3 

Curtiss 

2-I.696 

+  44-8 

7 

1 .0 

7 

+  3-7 

n 

2669 

Curtiss 

.\pril        5.787 

+  44-9 

21 

2.  I 

10 

+  3-8 

3 

2672 

Curtiss 

8. 615 

+  44-3 

26 

1-3 

20 

+  3-2 

3 

-^  19 

"; 

2673 

Curtiss 

8. 645 

+  42.0 

31 

1.0 

30 

+  0.9 

16 

-f     I 

7      I 

2r-8i 

Curtiss 

I2.6[5 

+  43-3 

30 

I .  I 

28 

+  2.2 

18 

+    3 

2                 V; 

2f82 

Curtiss 

12.656 

+  43.2 

23 

1-5 

15 

+  2.1 

2 

2683 

Curtiss 

12.680 

+  44-2 

15 

CO 

.17 

+  3.1 

2 

+  12 

4                 'A 

2rxS4 

Curtiss 

12.722 

+  43-8 

27 

1.4 

20 

+  2.7 

3 

—   4 

6            '/, 

2685 

Curtiss 

12.744 

+  45-0 

iS 

1-3 

14 

+  3.9 

I 

2686 

Curtiss 

12.789 

+  43-1 

25 

1-7 

15 

+  2.0 

4 

2687 

Curtiss 

12.827 

+  43-1 

21 

1.7 

13 

+  2.0 

2 

2695 

Mellor 

13.683 

+  4I-I 

23 

1.6 

15 

0.0 

:; 

+    8 

3           M 

2696 

Mellor 

13-712 

+  38-7 

25 

1.2 

21 

—  2.4 

5 

+    9 

2       y. 

2702 

Mellor 

17-6U 

+  42.2 

i6 

1.9 

8 

+  1.1 

2 

2703 

Mellor 

17.665 

+  .^6.3 

t8 

2.->, 

8 

—  4.S 

2 

■ 

2704 

Mellor 

22.661 

+  39.2 

29 

±  1.2 

24 

—  1.9 

22 

....      1      . 

Means 

4- JI.I  ^- 

0.2?  km 

-■-1.7^1.21 
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This  result  is  markedly  less  positive  than  that 
for  the  other  lines  and  confirms  Harper's  conclu- 
sion with  respect  to  this  star.  It  also  agrees  in 
this  respect  with  the  results  of  other  observers 
in  cases  of  other  stars  of  this  spectral  type.  Since 
in  the  present  case  we  have  the  difference  occur- 
ring at  the  same  time  with  an  apparently  con- 
stant velocity  in  the  case  of  each,  Hartmann's 
hypothesis,  that  the  K  line  is  due  to  a  calcium 
cloud  separate  from  the  star  and  not  sharing  its 
velocity,  is  given  added  strength. 

The  width  of  the  He  line  was  so  great  that  it 
in  most  cases  obscured  the  H,  which  was  meas- 
urable on  only  six  plates,  and  which  is  not  dis- 
cussed. It  may  be  said  that  the  scanty  evidence 
at  hand  indicates  that  what  is  true  of  the  K  line 
applies  to  the  H  line  as  well. 

ADniTIONAI,   LINKS    SUSPKCTED    IN    THE    SPECTRUM 

In  addition  to  the  93  lines  measured  in  more 
than  one  plate  there  are  several  that,  although 
measured  in  only  one,  were  so  definitely  indi- 
cated on  the  one  where  measured  that  their  real 
existence  in  the  star's  spectrum  seems  probable. 
Their  approximate  wave-lengths  and  the  numbers 
of  the  plates  in  which  they  were  measured  are 
given  in  Table  la.  None  of  these  lines  are 
counted  in  column  9  of  Table  II. 


CONCLUSION 


The  results  of  this  investigation  may  be  sum- 
med up  as  follows : 

1.  The  wave-lengths  of  91  lines  have  been 
determined  from  measures  on  two  or  more  plates, 
and  approximate  wave-lengths  of  32  additional 
lines  probably  present  in  the  spectrum  have  been 
deduced  from  single  measures. 

2.  The  43  Ann  Arbor  radial  velocities  contain 
no  evidence  of  variation,  and  consequently  the 
reality  of  both  the  variation  deduced  from  the 
Ottawa  observations  by  Harper  and  the  period 
derived  by  Schlesinger  are  rendered  doubtful. 

3.  The  variations  in  character  of  the  lines 
from  plate  to  plate  may  be  taken  as  evidence  of 
complexity,  but  the  general  indications  are  against 
such  a  conclusion. 

4.  The  mean  radial  velocities  deduced  are 
+  1.7  ±  1. 21  km.  for  the  K  line  and  +41.1 
±  0.23  km.  for  the  others. 

5.  The  K  line  velocity  differs  so  radically 
from  that  of  the  other  lines  as  to  make  a  common 
source  highly  improbable. 

I  wish  to  express  my  thanks  to  Dr.  Curtiss  for 
advice  and  direction  throughout  the  work. 
Ann  Arbor,  Michigan,  June,  1916. 


THE  REGISTRATION  OF  EARTHQUAKES  AT  THE  DETROIT 
OBSERVATORY  DURING  THE  YEARS  1914  AND  1915 

By  PAUL  W,  MERRILL 


The  record  is  in  the  same  form  as  for  preced- 
ing periods,  as  given  in  \^ohnne  i  of  these  Publi- 
cations, pp.  54-72  and  191-199,  except  that,  com- 
mencing with  January  I,  1914,  all  times  are  given 
in  Greenwich  Civil  Time,  counted  from  midnight 
to  midnight.  The  recorded  amplitude  is  the 
semi-amplitude  of  the  oscillation  of  the  pen.  The 
character  *  denotes  well  defined;  t  gradual. 

On  December  31,  1914,  the  magnification  of  all 
three  components  of  the  W'iechert  instruments 
was  changed  from  40  to  80.  The  weight  of  the 
horizontal  W'iechert  was  taken  apart  and  read- 
justed on  February  2,  191 5.  The  magnifications 
and  periods  of  the  instruments  are  now  as  fol- 
lows : 


1    M.\G>iIFIC.\TIOX. 

PERICD. 

B— EW 

40 

1 1 . 5  sec. 

B— XS 

50 

12.0 

W— RW 

So 

4-9 

W— XS 

80 

6.0 

\V-  \' 

80 

4-2 

There  is  no  applied  damping. 

The  distance  between  the  recording  pen  and 
the  time  indicator  on  each  of  the  Bosch  machines 
is  found  as  follows :  Every  morning  before  re- 
moving the  sheets  the  pen  is  swung  by  a  touch 
of  the  finger  at  the  exact  instant  of  the  minute 
signal ;  the  distance  between  this  sudden  depar- 
ture from  the  record  line  and  the  preceding  min- 
ute mark  is  the  "parallax"  to  be  applied  to  the 
times  read  from  the  sheet. 


REM.\RKS. 

110.  Another  ma.ximum  occurred  at  4"  26'"  with  am- 
plitude 0.2  mm.  Period  at  first  ma.ximum  ( M )  30  ± 
sec,  at  second  maximum  18  sec.  Some  additional  very 
weak  waves  a  few  minutes  after  F.  W — NS  shows  a 
trace  of  S  but  L  is  not  visible.  Bosch  instruments  were 
not  runnine  at  this  time. 


IM.  MinutLS  assumed  on  W — horizontal  records, 
since  hour  signals  are  missing.  The  main  portion  con- 
sists of  very  short  period  \ibrations  5uperp(jsed  on 
longer  waves.  This  eartht|nakc  was  reported  by  Ottawa 
observers  as  "local." 


112.  .\  ■ 
cial  origin, 
doubtful. 


cry  peculiar  disturbance,  possibly  of  artifi- 
( blasting?).     Preliminaries  very  feeble  and 


II.?.  Distance  probably  accurat..".  W — XS  shows  one 
group  of  waves  5'' i5"'.o  to  i6".3,  amplitude  0.4  mm; 
another  group  5"  iy"'.4  to  l8".3,  amplitude  1.0  mm. 

1 1-1.  There  are  two  distinct  parts  to  the  main  jjur- 
tion :  M  in  the  table,  records  the  first  maximum ;  the 
second  maximum  occurs  about  3.5  min.  later. 

115.  A  slow  flat  shock  or  groups  of  slow  regular 
sinusoidal  microseisms.  B — E\V  waves  from  I7''37"'.2t 
to  -I3"'t  having  a  maximum  from  40- .(2'",  amplitude  0.35 
mm.,  period  18  sec,  with  other  smaller  groups  a  few 
minutes  later.  B— XS  waves  from  17'' 32'"  .27  to  39'".2t. 
having  a  ma.ximum  at  32"'.9 ;  amplitude  0.3  mm.,  period 
19  sec 

W — E\V  waves  from  17'' 32-33"';  from  37"'.4t  to 
42'". 77;  froin  47'"  to  49'".  Maximum  amplitude  0.15 
mm.,  period  18  sec 

116.  Shock  apparently  in  progress  when  record  be- 
gan. Long  waves  end  at  13"  56"'.  F  is  indeterminate, 
the  tail  running  into  irregular  microseisms.  On  \V — E\V 
small  vibrations  began  at  13"  30""  or  before,  stronger 
motion  at  45'" .6,  amplitude  0.5  mm.  The  W — XS  rec- 
ord is  weak ;  the  stronger  motion  began  at  44'".4. 

117.  S  uncertain;  no  well  marked  phases. 

118.  A  very  long  flat  shock.  A  slight  trace  on  \V — V. 
S  possibly  misidentified. 

119.  The  Panama  earthquake. 

120.  A  long  weak  shock  about  iS  hrs. 

June  2  Very  strong  irregular  disturbances  about  13 
hrs.     Perhaps  artificial. 

122.  A  feeble  indefinite  shock,  being  somewhat  bet- 
ter marked  on  E\V  instruments. 

123.  Horizontal  W  not  nmning. 
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NO. 

PATE. 

I. VST. 
COMP. 

p 

1 

s 

h 

"     i 

i 
I- 

A 

A 

no 

I9I4 

Jan. 

30 

W-EW 

h  m 

h  m 
3  57-9* 

h  m 
4     3t 

r 

h  m 
4  14 

h  m 
4  59 

mm. 

0.1      1 

mgm. 

III 

Feb. 

10 

B— EW 
B— NS 
W— EW 
W— NS 
W— V 

18  33.9 
33-9 
33.8 
33.8 
33.8 

IS  34.6 
34.4 
34-5 
34-5 
.34.5 

18  35.1 
35.1 
35.2 
35-1 
35.1 

18  40 
39 
40 
39 
36.3 

1.2 
1.3 
1.5 
1.0 
0.2 

Small 

112 

Feb. 

26 

B— EW 
B— XS 
W— EW 
W— XS 

5    8.5 
9.4 
8.3 
8.5 

5  16.8 
17.0 
16.8 
16.8 

0.5 
2.9 
1.0 
0-5 

I  Ij 

Feb. 

28 

B— EW 
B— NS 
W— EW 
\\— XS 

5    8.4 
8.3 
8.3 

5  12.4 

12.5 

12..? 

Remark 

5   15.0 
17-4 
15.0 

5  16.2 
17.9 
15.7 

5  29 

34 
34 

3.2 
14.0 
3.9 

2.4 

114 

Mar. 

30 

B— EW 
B-XS 
W— EW 
W— XS 

0  47-4 
0  47-3 

0  52-3 
52.2 
52.3 
52.2 

0  58.;? 

1  I.O 

0  58. 7t 
59. 7t 

I     0.4 
2.4 
0.1 
2.2 

I  58 
59 
56 
20 

6.2 

13.3 
0.7 

1.5 

3.7 

■15 

April 

II 

B— EW 
B— NS 

17  37. 2t 
32. 2t 

17  41 
32.9 

0.35 
0.2 

116 

April 

20 

B— EW 
B-XS 

13  49-5 
50.6 

2.6 
2.2 

"7 

April 

24 

B— EW 
B— XS 
W— EW 

8  48.3' 

47.5? 
48.5' 

8  51. T 

48.3 

51.3 

8  m.6 
48.7 
51.7 

9     I 

857 
58 

0.2s 

0.3 

0.2 

118 

May 

26 

B-EW 
B— NS 
W— EW 
W— XS 

14  44-3t 
44 

44-7t 

15  28.7 
29.3 
28.9 

■5  32.8 

32.5 

.32.3 

16  43 
44 
45 

2.6 
2.0 
0.4 
0.3 

119 

May 

28 

B— EW 
B— XS 
W— EW 

3-30.4 
31 -St 

3.35-8* 
35-9* 

3  43-4 
42.9 
43.6 

3  44.5 
44.4 
44.6 

3  55 
S7 
55 

0.4 
0.6 
0.2 

4. 

120 

May 

28 

B-XS 

18    o± 

121 

May 

29 

B-EW 
B-XS 

. .    . .% . 

6  13 
613 

■:.■.::. 

122 

June 

20 

B-EW 
B— NS 

(  40.1? 
M  45.6? 

7  49.1? 

8  14.7 

8  ig.o 
29.1 

851 

0.15 
0.1 

W— EW 

j  40.4? 
(  45-7? 

[          49  4 

13  I 

10-6 

1      0.1 

123 

June 

25 

B-EW 

B— NS 

1 

19  26.8 
26.2 

1    19  48.1 

20  1 1 . 5 
15.0 

20  10. 0 
28.5 

21 II 

1      1.0 
1.5 

12-t 

June 

26 

i    B— EW 

5  49 

PLn;i,lC.\TJ().\S  oK  Till-:  (Jl!SKR\  ATORY 
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INST. 

NO. 

DATE. 

CO  MP. 

p 

s 

I, 

M 

!•■ 

A 

A 

1914 

h  m 

h  m 

h  m 

li  m 

h  m 

mm. 

mgm. 

125 

July 

3 

B— EW 
B-NS 
W— NS 

\-2l     o± 

126 

July- 

S 

B— EW 

3  15.7 

0.15 

B— NS 

15 

4 

3  '5-7 

0.2 

W— NS 

15 

6 

0.05 

127 

July 

S 

B— EW 
B— NS 
W— NS 

4    9 
9 
9 

7 
8 
9 

0.1 

0.15 

0.05 

128 

July 

>7 

B— EW 

7  35 

6 

7  43.4 

0.05 

B-XS 

7  20.8 

34 

8 

44 

COS 

129 

July 

21 

B— EW 

22  36.8 

22  48.4 

22  51 

I 

22  51-5 

23  20 

2.0 

B— NS 

3S-9 

48.2 

50 

8 

51.2 

22 

I.O 

W— EW 

48.7 

51 

4 

51.8 

22  56 

0.2 

W-NS 

48.4 

51 

3 

51-4 

23  .6 

0.4 

130 

Aug. 

3 

E— EW 

II  32.0 

II  37-7? 

II  41 

4 

II  41 .6 

II  .S4 

0.3 

B— XS 

30.9 

? 

Z9 

4 

41  ■- 

0.2 

3/. 

W— EW 



41 

5 

41.6 

43 

0.05 

W— NS 

3I.I* 

40 

9 

41.8 

51 

0.1 

131 

Aug. 

4 

B— EW 

23    4-9? 

23  24t 

23  29.7 

0  21 

1-5 

B-XS 

5-6* 

29t 

38.7 

30 

1-5 

7? 

W— EW 

28.0 

45-7 

23  49 

0.25 

W— NS 

.5.6 

29 

35-9) 
■    43-6  f 

0  29 

0.3 

w— V 

44-7 

0.1 

132 

Aug. 

8 

B— EW 
B— NS 
W— EW 
W— NS 

19  16.0 



19  25.1 
25.2 
25-4 
25.0. 

19  28.4 
27.3 
26.0 
27-3 

20  23 
7 

19  39 

20  8 

2.0 
5.6 
0.5 
0.7 

133 

Aug. 

22 

B— EW 

5  34.8* 

5  45.7* 

^  48.0 

5  48.8 

632 

9.2 

B— NS 

40.2 

45 -et 

48.1 

48.5 

28 

8.8 

W— EW 

37-7 

45-7 

47-7 

48.6 

12 

0.9 

W— V 

48.0 

48.6 

5  57 

0.4 

I3-I 

Aug. 

28 

B— NS 

9    6.0 

135 

Aug. 

28 

B-XS 

16    4-5 

0.1 

■36 

Aug. 

28 

B— NS 

17  34 

137 

Sept. 

25 

B— NS 

10  53 

0.1 

■38 

Oct. 

3 

E-EW 

17  30.6* 

17  35-9 

17  40. 9t 

17  42. Q 

18  41 

3-9 

B-NS 

30.7 

36.1 

40.4? 

41 

37 

3.0 

W— EW 

30.7 

36.0 

41. ot 

42.6 

46 

0.7 

3-5 

W— NS 

30.9 

36-0 

40.5 

41 

17  58 

0.5 

W— V 

40.7 

0.1 

139 

Oct. 

22 

B— EW 

6  57-7 

7    0.7 

7    2.9 

7  10 

0.2 

B-NS 

57-7 

1-3 

2.6 

6 

0.15 

1 68 
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liXST. 
COMP. 


I9I4 

Oct.     23 


Nov.  10 

Nov.  18 

Nov.  24 

Dec.  4 

Dec.  20 

Dec.  25 


191S 
Jan.       13 


Mar. 


April    23 


May       I 


May       3 


Mav       6 


h  m 


B— EW 

B— NS 

B— EW 
B— NS 

W— EW 

B— EW 
W— EW 

B— EW' 
B— NS 
W— EW 

W— NS 

B— EW 
B— NS 

B— EW 
B— NS 
W— NS 

B— EW 
B— NS 
W— EW 
W— NS 


B— EW 
B— NS 
W— EW 

B— EW 
B— NS 
W— EW 
W— NS 

B— EW 
B— NS 

W— EW 

W— NS 

B— EW 
B— NS 
W— EW 

W— NS 

B— EW 
B— NS 
W— EW 

W— NS 

B— EW 
B— NS 
W— EW 
W— NS 


n  22.7 
23.0 
23.0 

micros. 
9  55-9 

12  17.4 
17.2 
17.2 
17.2 

22  43.9 
44-3 


3  SI -4 

54-2 


15  37.5*  ,    15  43 

15  37-4*  ;    15  44 

IS  37-5*  i    15  44 

IS  37-5*  I    15  44 

5  12.0*  5  21 

5  12. I*  5  22 

5  12.0*  5  21 

S  12.0*  5  21 


12  IS 


12  IS 
12  IS 


h  m 


II  25.8? 
25.8 


22  46. 6t 
46.4 


3  53.8 
56.7 


728 
7  24 

7  25 


4  32 
4  32 
4  32 
4  33 


5  43-3 
5  42 
5  43-2 
5  42t 


12  25.8 
12  28 
12  27.7 


h  ni 

7  24 

24 

II  26.1 
9  58.9 


h  ni 


22  46. 
47- 


3  54-3 
57-4 
54-9 
55-2 

7  39-6 
7  30.3 
7  33 


5  43-7 
5  46.3 
S  43-6 
5  46.3 


micros, 
10    8 


13.21 
24 


13  15 


746 
>8    o 

7  44 


16    3+ 
16    of 
16    2 
?  micros. 

8    6 

7  24 

8  6 
8    6 


5  lit 

5  II 

S  12 

5  11+ 

12  29.1 

13 

o± 

12  28.0 

13 

0± 

12  29.0 

13 

0+ 

12  30.5 

13 

0+ 

mm. 
0.2 
0.2 

0.6 
0.5 
0.8 

0.8 
0.4 

(2.5) 
(4.S) 
(1.5) 
(I.I) 

o.is 
0.1 


1.3 
0.3 
0.6 
0.2 


0.2 
o.S 


0.6 
0.4 
0.4 


9.S 

13.6 

1.6 

3.5 


0.9 
1.2 
0.5 
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NO. 

DATi:. 

INST. 
COM  P. 

p 

s 

L 

.M 

I' 

A 

A 

J9>5 

h  m 

h  m 

h  ni 

h  m 

h  m 

mm. 

mgm. 

153 

June       I 

B— EW 

14  59-8? 

15    3.3 

IS    9-7 

15  no 

IS  40+ 

5.4 

B-NS 

>4  53-6? 

15    3-3 

15  10.3 

15  «3-5 

15  42 

3-3 

4-9 

W'-EW 

15    2.9 

15    9^ 

15  "■3 

IS  45 

'■4 

\V-\S 

15.   9.9 

»5  13.5 

15  47 

1.8 

'54 

June      6 

B— EW 

21  39-7 

21  47.8* 

21  .54 

22  45+ 

1.8 

B— \S 

21  39-6* 

21  47.9* 

22  10 

22  35 

0.9 

6.7 

W— EW 

21  39.8 

21  48.0* 

23    oJ= 

0.7 

W— NS 

21  39.8 

21.47-9 

22  10 

22  50 

0.7 

.55 

June     23 

B-EW 
B— NS 

t 

4  14-7 
4  12.9 

4  15.6 
13.7 

I.I 
30 

W— EW 

4  12.5? 

4  14-7 

15.6 

0.7 

W— XS 

4  130 

147 

2.0 

156 

June     2.3 

B— EW 
B-NS 

t 

5  1 1. 6 
5    9-7 

5  12.0 
5  II. 0 

1-9 
2.8 

W-EW 

5    9.    ? 

5  it.4 

5  11-9 

0.8 

W— XS 

5    6.1? 

5    9.4* 

5  'O.c 

2.6 

157 

July     31 

B-EW 

I  42.6 

I  51.8 

2    6.6 

2  II 

3    7 

1.6 

B— NS 

I  42.6 

I  51.8 

2    6.2 

2  13-4 

3    8 

1-5 

8.0 

W— EW 

I  42.2 

I  51.7 

2    6 

2  12 

3  30 

0.5 

W— NS 

2  13-7 

0.2 

W-V 

2  13-7 

0.1 

•58 

Aug.      3 

B— EW 
B— NS 
W— EW 



14  i.^ 
14  13 
14  15 

O.I 

150 

Aug.      7 

B— EW 
B— NS 
W— EW 

Traces 
15  42t 

15  49= 

160 

Sept.      7 

B— EW 

I  26.8 

I  31.7 

3  39 

>40 

B— XS 

I  26.9 

I  31.6 

I  35.8 

3    9 

>50 

W— EW 

I  26.9 

1.31.6+ 

I  37 

3  2-! 

21.4 

W-NS 

I  26.9 

I  3i-6± 

3  21 

11.6 

W— V 

I  36.1 

I  39 

I  43-3 

4-4 

161 

Sept.      7 

B— EW 
B-NS 
W— EW 
W— NS 

4  17-3? 

4  22.0 

4  22 
4  21.6 

4  24.0 
Trace 
4  23.1 
4  26 

4-  ? 

162 

Sept.      7 

B-EW 

4  33. 9t 

4  45t 

4  45-3 

5     I 

0.4 

B-NS 

434.2? 

4  39.8? 

4  44.7 

4  45.1 

4  59 

0.4 

4.0 

W— EW 

4  34-3? 

4  44-9 

4  4S-I 

4  S8 

0.1 

W— NS 

4  34.1 

4  39.9? 

4  44-6 

4  45.0 

5     I 

0.2 

■  63 

Sept.      7 

B— EW 

5    8.8? 

5  13.2? 

5  18.7 

B— NS 

5  13. 8t 

5  19.7 

5  21 

0.1— 

W— EW 

5  i4-9t 

Trace 

3.8 

W-NS 

5    9.4 

5  14.7? 

.=;  19-9 

5  20.1 

5  30 

0.1 

UNR'ERSITY  OF  MICHIGAN 


I N  ST. 
CO  MP. 


I9I5 

Sept. 


Sept.  7 

Sept.  12 

Oct.  2 

Oct.  3 

Oct.  3 

Oct.  II 

Nov.  I 

Nov.  21 

Nov.  26 

Dec.  12 


175  j  Dec. 

176  !  Dec. 


B-EVV 
B— NS 
VV— EW 
W— NS 

B— EW 
B— NS 
W— EW 

W— NS 

B— EW 
B— NS 

B— EW 
B— NS 
W— EW 

W— NS 

B— EW 
B— NS 
W— EW 

W— NS 

B— NS 

W— EW 
W— NS 

B— EW 
B— NS 
W— EW 
W— NS 

B— EW 
B— NS 
W-E\V 

W— NS 

B— EW 
B— NS 

W— EW 
W— NS 
W— V 

B— EW 
B— NS 

W— EW 

W— NS 

B— EW 
W— NS 

B— NS 
B— EW 
B— NS 
W— EW 
W— NS 


20  46.6 

20  45.6? 
2b  50.5? 

23  52.6 
23  53-4 
23  53 -41 
23  53-5 


6  59.0 
6  59. o 
6  59.0 

19  39-1 
19  39-3 
19  39.2 
19  39-1 


o  23t 
o  23t 


21     9 

12  26 
12  26 


20  50 
20  50 

20  52 

20  53 


23  56 
23  56 


I  57 

7    3 

7    3-' 

7    3 

19  43 
19  43 
19  43 
19  43 


7  47-5 
7  48 
748 
7  49  ± 

o  26.7 
0  27.1 
o  27.4 


21  13.6? 

12  31.6 

t 

12  31.6 


20  56 


h  m 

13    9 
13  6-11 
13  10 
13    9 

20  58.3 

21  I.I 


21  io±        21  13 
21     1-4 


7     7 

19  49.2 
19  49 -.S 
19  5o± 
19  50± 


o  30 
29 
31 
30 
33 


21  16 


o  10 
12  39 
12  .36 
12  39 


Off  sheet 
Double 


19  SA-S 
19  32.1 

ig  53-2 

19  54-1 

S  23 
8  22 
823 
8  23 

o  3.=; 

Off  sheet 
34 
32 
32.0 

Visible 

19  37 
? 

Trace 

21  16.8 
21   19.3 

o  13-7 
12  39.8 
12  40.0 
12  39-7 
12  30.8 


21  13 
21  14 
21  II 

21    12 


2  22 
2   21 


9     o 
9      2 

9    7 


I  36.4 


13  16 
13  20 
13  19 


0.1 
0.1 
0.1 
0.1 


0.5 
0.2 
0.9 

0.8 
0.7 
0.3 
0.6 


>67 


1-3 
i.o 
0.2 
0.3 

0.8 
0.8 
0.5 
0.8 


>3S0 


iS-9 
7.8 


o.i 
0.05 


1.4 

O.l 

o.is 
3-8 
2.4 
0.9 


rUDUCATIOXS  OF  THE  OBSERVATORY 


'71 


126  and  127.  The  recorded  L  is  the  beginning  of  the 
disturbance,  but  later  portions,  if  present,  are  very 
weak.  However,  since  the  period  of  the  waves  is  short, 
6-7  seconds,  in  both  cases,  it  is  possible  that  these  times 
should  be  identified  as  S  in  both  shocks. 

July  13.  W — NS  shows  a  slight  disturbance  at  3''i7"' ; 
possibly  artificial. 

120.  Probalily  one  or  more  phases  have  been  mis- 
identified  since  the  values  of  -i  from  different  forms 
of  the  Laska  formulae  are  very  discordant. 

130.  The  Jamaica  earthquake. 

131.  B  -XS  record  poor. 

1.33-  X'o  record  of  shock  on  W — NS.  Values  of  .i 
discordant. 

I3(.     Some  microseisms  and  probably  a  small  shock. 

136.  Long  w-aves  from  about  17'' 34°"  to  iS".  Trace 
on  B— EW. 

137.  Ecuador  earthquake? 

138.  B — EW  shows  short  vibrations  superposed  on 
the  first  few  long  waves  of  the  main  portion ;  on  W — 
EW  they  continue  throughout  the  main  portion. 

i3().  A  small  disturbance,  perhaps  not  a  true  earth- 
quake. A  trace  on  W — NS ;  a  weaker  trace  on  W — EW ; 
and  probably  a  trace  on  W — V. 

140.  Some  flat  slow  waves,  period  28  sec,  visible 
on  W  horizontal. 

141.  Phases  not  well  marked.  Nothing  seen  on 
W— NS. 

142.  On  B — NS  microseisms  are  too  strong  to  dis- 
tinguish earthquake.  Very  small  record  on  W — NS,  the 
tail  being  strong,  however,  and  apparently  extending 
to  lo""  16'",  though  this  is  uncertain  on  account  of  mi- 
croseisms. 

143.  Curious  record ;  no  well  marked  phases.  A 
refers  to  initial  throw  of  pen.  which  is  large  compared 
with  the  disturbances  which  follow. 

146.  Small  irregular  waves  superposed  on  the  large 
ones.     Phases  very  uncertain. 

Jan.  6,  1915.  Slow  flat  waves  on  B— EW  having  a 
maximum  at  o  hrs..  period  about  20  sec. 

14/".  Slow  flat  waves  lasting  over  20  min.  W — XS 
show^s  only  a  very  slight  trace.  Preliminaries  are  not 
distinguishable   among  microseisms. 

Feb.  25.  .\  slight  disturbance  at  p*"  25"'  in  the  midst 
of  sinusoidal  waves. 

Feb.  28.  Some  flat  waves  at  20  hrs.,  period  about 
20  sec. 


14S,  An  irregular  disturbance  beginning  abruptly  at 
times  given  as  L,  and  lasting  a  few  minutes. 

March  28.  A  small  disturbance  at  20''  2(f  lasting  for 
several  minutes  in  midst  of  microseisms.  Period  10-12 
sec. 

.\pril  7.     Some  slight  disturbances  about   16''  14". 

I-I9.  HP  and  S  are  correctly  identified  the  long 
waves  (L)  are  not  plain  being  apparently  very  feeble 
with  short  period  vibrations  superposed.  On  W — V  P 
is  markedly  a  single  sudden  small  displacement. 

April  25.  A  small  disturbance  (perhaps  artificial) 
on  W — V  from  21'' 29"' .8  to  2i''3o'".4.  Nothing  notable 
on  other  records. 

150.  No  appreciable  record  on  W — V. 

151.  Flat  waves,  period  about  20  sec.  Also  some 
very  weak  waves  about  one  hour  earlier. 

152.  P  may  be  wrongly  identified  as  S. 

153.  Shock  in  the  midst  of  slight  microseisms  on  W. 
W  shows  short  waves  superposed  on  the  long  ones  of 
the  main  portion. 

154.  .Amplitudes  of  S. 


H— F.W  12.0 

B— XS  2.-. 

w— EW  4-; 

June  14.  At  i:^' d"  there  is  a  small  disturbance  on  W 
with  a  trace  on  B — perhaps  artificial. 

June  15.  W — V  shows  a  small  irregular  disturbance 
at  o""  59"' .6  probably  artificial. 

156.  In  both  shocks  the  long  waves  die  away  grad- 
ually disappearing  in  about  15  min. 

July  22.     B — NS  shows  a  small  shock  at  4"  33'". 

July  25  B — NS  and  W — EW  some  very  flat  slow 
waves  for  several  minutes  beginning  21"  17-18"".  Am- 
plitudes not  over  o.i  mm.     No  well  defined  maxima. 

-Aug.  6.  Probably  some  long  waves,  in  the  midst  of 
microseisms,  about  14''  6"'  on  W — EW ;  trace  on  B — 
EW;  better  shown  on  B — NS;  continue  feebly  for  10- 
12  min. 

Aug.  16.  B — EW  shows  some  very  feeble  waves  for 
15  minutes,  beginning  at  1"  30"".  Trace  on  B — NS  and 
W'— EW. 

Sept.  6.  B  instruments  show-  a  very  slight  disturbance 
at  18"  Si". 

160.     The  W  pens  exhibit  a  peculiar  jerky  motion. 

164.     A  very  slight  disturbance. 
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165.  Phases  are  very  poorly  marked  and  indistin- 
guishable in  many  cases. 

166.  Phases  poorly  marked.  Possibly  S  at  21'' o'". 7. 
Traces  on  horizontal  W.     Record  poor. 

167.  B— XS  shows  a  peculiar  disturbance  beginning 
at  23"53"'4  (=P?)  visible  for  about  10  minutes  having 
its  maximum  at  23'' 55"' .6.  S  is  doubtful  and  L  very 
weak  if  present. 

169.  B — EW  not  running.     No  action  on  W — V. 

170.  Phases  misidentihed? 

171.  F  in  microseisms. 

Nov.  4.  B — XS  a  few  slow  waves  in  the  midst  of 
microseisms  at  iq"  56'",  period  18-20  sec,  amplitude  0.2 
mm. 

172.  F  runs  into  microseisms.  W — XS  not  very 
sensitive. 

173.  Slow  flat  shock  in  weak  microseisms. 

Dec.  7.  A  peculiar  disturbance  at  18''  45'"  lasting  a 
minute  or  two,  consisting  of  very  short  vibrations  su- 
perposed on  longer  rather  irregular  waves.  Amplitudes : 


Jan.  1 1-12. 

Tremors  stroneer. 


B— EW 
B-  XS 
W-EW 
W— XS 


0.6 
0.7 
J-4 


174.  B — NS  trace  but  microseisms  too  strong.     W — 
EW^  out  or  order. 

Dec.  17.     B — XS  shows  a  few  slow  flat  waves  with 
M  at  8"  5". 

175.  B — EW'    microseisms  mask.     W — EW   pen   be- 
haves badly. 

176.  W — XS  insensitive.  Time  of   L  not  accurate? 


MICROSEISMS,  1914  AND   1915 

1914. 
Jan.  1-9. 

Sinusoidal  microseisms  coming  to  a  maximum  on 
3-4"'.  Best  shown  on  EW  components  where  they 
have  a  maximum  amplitude  of  0.2  mm.  and  a 
period  of  5-6  seconds. 

Jan.  9-1 1. 

Waves  slower  and  more  irregular. 


l.NST. — CO  MP. 

M.\X.  AMPLITUDE. 

PERIOD. 

mm. 

sec. 

B-EW 

0.25 

5-6/2 

B— NS 

0.3 

5-6 

W— EW 

O.I 

6 

W— XS 

1 

Jan.  12-13. 

vSame.     Period  .S 

seconds. 

Jan.  13-15. 

Weaker. 

Ian.  If>-i8, 

Tremors  faint. 

Jan.  18-19. 

Stronger. 

Jan.  19-20. 

Considerably  stronger. 

INST. — roMP. 

MAX.  AMPLITIDE. 

PERion. 

mm. 

sec. 

H— EW 

0.4 

6 

B— XS 

0.3 

6 

W— EW 

0. 1 

6 

W'— XS 

\cry   small. 

Jan.  20-21. 

Tremors  continue.     Some  well   marked  groups. 

Jan.  21-23. 
Weaker. 

Jan.  23-24. 

A  few  small  tremors.     Xearly  continuous  on  B — EW. 

Jan.  24-25. 

Some  slow  irregular  waves. 

Jan.  25-26. 

Weak,    regular,    sinusoidal    waves,    with    occasional 
stronger  groups  on  \V — EW.     Period  4  sec. 

Jan.  26-29. 

Tremors   die  away  gradually. 

Jan.  3 1 -Feb.  5. 

Slight  irregular  tremors. 

Feb.  5-9. 

Cirowing    stronger,    particularly   on    EW   instruments 
wJiere  they  are  perfectly  continuous  on  7-9. 
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Feb.  9-11- 

Tremors  grow  weaker. 


March  25-26. 
Irregular  tremors;   stronger  during  the  day  than  at 
night. 
Fcl).  11-13- 
Irregular   tremors   stronger,   particularly   toward   last       March  31-April  i. 

of   12-13'',  being  then  very  irregular  and   peculiar.  Some  slight  regular  sinusoidal  waves  on  NS  records. 

Stron;.jer  on   NS  than  before. 


I'e!).   13-l.i. 

Much  weaixcr,  dving  down  during  the  day. 

Feb.  14-15. 

Weak  tremors  visible.  Some  regular  sinusoidal  waves. 


April  1-2. 
Same;  stronger. 

.April  2-3. 

Microseisms  weaker  and  somcwliat  irregular. 

April  4-5. 

Some  slow  irregularities  on  XS  records. 


Feb.   15-17. 

Same,  weaker.  ^p^.,  ^_g 

Feb.  17-18.  Slight  irregular  motion  toward  latter  part  of  record 

Irregular   tremors   extremely    feeble.     Some   regular  on  B — NS. 

sinusoidal   waves  on   B — NS   and   more   faintly  on        a       1  ^ 

B — FIW.     Period  about  6  seconds.  '    ,.  "".  ., ,      ,  ,,     ,.,,, 

c^ame ;  visilnc  also  on  U — iiW. 

Feb.  18- 1<). 

Slightly  stronger.     Xisible  on  W— EW. 


Feb.  l<)-20. 
Weaker. 

Feb.  20-21. 


-April  19-20. 
Fairly  strong  irregular  microseisms  on  B — XS. 

April  20-21. 
Same;  weaker. 


Many  regular  sinusoidal  waves,  period  about  s'/^  sec. 


Regular  smu.soidal  waves  ni  groups  but  usually  con- 
nected by  small  tremors.  Amplitude  small,  about 
o.i  mm.     Period  about  6  seconds.  April  25-26. 

Some  feeble  tremors,  slightly  slower. 


Feb.  21-25. 

Weak  sinusoidal  waves  which  are  more  proiiiincnt  on       .April  29-30, 


EW^  components. 

Feb.  26-2-. 

X'umerous   small   sinusoidal   waves   on   all   horizontal 
instruments. 


Slight  irregular  tremors  on  B  — EW. 

May  13-14. 
B — NS  very  slight  irregular  tremors,  stronger  toward 
morning  ot   14th. 


March  1-3.  May  22-23. 

Regular    sinusoidal    waves    nearly    continuous.      Best  g \^-g  some  slight  microseisms 

shown  on  XS  records. 

May  29-30. 

3 — XS  some  slight  microseisms  occasionally. 


INST.— COMP. 

M.\X.  AMPLITUDE. 

PERIOD. 

B-NS 
W— NS 

mm. 
0.2 
0.05 

sec. 
5 
5 

March  3-5- 
Traces  of  above. 

March  9-15. 
Very  slight  tremors,  some  being  irregular. 

March  16-20. 

Irregular  tremors,  stronger  during  first  part  of  day.       ■,   ■     _ 

March  20-23. 
Some  feeble  regular  sinusoidal  microseisms. 


June  5-6. 

B — XS  some  very  slight  slow  irregular  tremors. 

June  lo-ii. 

B — NS  very  slight  tremors. 

June  13-16. 
Same. 

June  18-19. 
Same. 

June  29-July  2. 

B — X'S  a  few  weak  tremors. 


— XS    numerous    very    small    tremors    decrease    in 
strength  to  lOth. 
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July  II-I2. 

B — NS  some  very  small  temors  of  short  period. 

July  13-16. 

Minute  slow  tremors. 

Julyi6-i8. 

Small  tremors  on  B— ^NS. 

July  24-25. 

Some  faint  tremors  on  B — NS.  It  is  not  certain 
whether  they  continue  after  this  day  since  the  rec- 
ords of  this  instrument  are  poor  during  the  next 
few  days. 

Aug.  11-12. 

B — XS  weak  tremors. 

Aug.  J2-U. 
Stronger;  seen  also  on  B — EW. 

Aug.  14-16. 
Weaker. 

Aug.  17-18. 

Some  small  tremors. 

.\ug.  25-27. 

B — XS  shows  small  tremors  which  are  nearly  con- 
tinuous on  26-27. 

Aug.  27-28. 
Weaker. 

Sept.  2-4. 

Slight  sinusoidal  waves  on  B  instruments. 

Sept.  4-5. 

\'ery  slight  tremors. 

Sept.   5-6. 
Stronger.  ? 

Sept.  6-8. 

Stronger,  particularly  on  EW.  Trace  on  W. 

Sept.  8-1 1. 
Tremors  die  away  gradually. 

Sept.  15-26. 
Weak  regular  sinusoidal  waves;  strongest  on   17-18. 

Sept.  26-27. 
Very  regular  sinusoidal  waves  practically  continuous. 

Sept.  27-29. 

Stronger.     Traces  on  W. 

Sept.  29-30. 
Much  weaker. 

Sept.  30-Oct.  3. 

Small  sinusoidal  waves. 

Oct.  3--t- 

Microseisms  present  but  weaker. 


Oct.  4-7- 

Slight  sinusoidal  waves. 

Oct.  n-12. 

B — XS   slow  flat  microseisms? 

Oct.  12-13. 

Slight  regular  sinusoidal  waves. 

Oct.  13-14. 
Apparently  some  slight  slow  irregular  oscillations  on 
B — NS,  but  B — EW  shows  only  regular  sinusoidal 
waves. 

Oct.  14-15- 
\'ery  weak  regular  sinusoidal  waves. 

Oct.  15-16. 
The  motion  very  feeble. 

Oct.  16-21. 
Rather  strong  sinusoidal  pulsations  on  16-17,  and  18- 
19;  die  away  slowly. 

Oct.  23-28. 
Sinusoidal. 

Oct.  28-30. 

Much  stronger. 

Oct.  30-31. 

Xot  so  strong. 

Oct.  31-X0V.  8. 
Sinusoidal,  strongest  on  1-3. 

Xov.  8-9. 

Numerous  groups  of  sinusoidal  waves, — trains? 

Xov.  9-10. 

Irregular  tremors. 

Xov.  lo-ii. 

Same.     Small  sinusoidal  waves  on  B — EW. 

Xov.  11-12. 
Regular  sinusoidal  waves,  stronger. 

Nov.  12-13. 

Weaker,  dying  away. 

Xov.  13. 

B— XS  irregular  waves  in  the  morning. 

Xov.  15-16. 

B— NS  irregular  waves  stronger  toward  end  of  rec- 
ord.    \'ery  much  smaller  ones  on  B— EW. 

Nov.  16-18. 
\'ery  strong  irregular  waves  on  B— NS;  smaller  ones 
on  B— eW. 

Nov.  18-24. 

Microseisms,  stronger  on  20-21. 

Nov.  24-25. 

Slight  irregular  tremors. 
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Dec.  2-7. 
B — NS  irregular  microseisms,  slightly  stronger  on  5-6. 

Dec.  7-30. 
Numerous  microseisms  every  day. 

Dec.  13- M. 

Microseisms  become  considerably  stronger  during  lat- 
ter part  of  record. 

Dec.  14-15. 
B — XS  very  strong  irregular  tremors  all  day.    Weak- 
er and  more  regular  on  B — E\V.     Scarcely  visible 
on  W. 

Dec.  15-21. 

Above  die  down  to  weak  tremors. 

Dec.  21-22. 
Tremors  stronger  on  latter  portion  of  B  records. 

Dec.  22-23. 
Continued  throughout  record. 

Dec.  23-25. 
Weaker. 

Dec.  25-27. 
Tremors  grow  stronger. 

Dec.  27-30. 
Grow  weaker. 


1915 

Dec.  3 1 -Jan.  3. 
Rather   strong   irregular   microseisms,   being    weaker 
on  2-3. 

Jan.  3-4. 
Microseisms  stronger  and  more  regular. 

Jan.  4-5. 

Same;  a  few  large  slow  irregular  motions  in  first 
part  of  day. 

Jan.  5-6. 
Microseisms  weaker. 

Jan.  6-8. 
Irregular  tremors  increase  and  die  away. 

Jan.  8-11. 

Small  tremors  stronger  on  lo-il. 

Jan.  11-13. 

Sinusoidal  waves  in  groups;  better  marked  on  EW. 

Jan.  13-14. 

All  records,  including  W — V  exhibit  very  striking 
sinusoidal  waves,  showing  the  group  structure.  The 
period  on  all  instruments  is  about  5J4  seconds. 

Jan.  14-16. 
Fade  away. 


Jan.  17-23. 

Small    microseisms,   partly   of    sinusoidal   nature   on 
B — EW,  more  irregular  on  B — NS. 

Jan.  23-24. 
Tremors  stronger,  continuous  B — NS. 

Jan.  24-25. 
W — EW  some  short  sinusoidal  waves,  period  3-4  sec- 
onds. 

Jan.  28-31. 
Tremors  as  before,  being  more  regular  on  EW. 

Jan.  31-Feb.  T. 
.\  few  weak  tremors. 

Feb.  1-2. 
Stronger  toward  latter  part  of  day,  sinusoidal. 

Feb.  2-10. 
Continue. 

Feb.  14-17. 
Few  weak  and  slow  tremors. 

Feb.  17-18. 
Slight  quick  sinusoidal  waves,  15-20  per  minute. 

Feb.  18-20. 
Grow  less. 

Feb.  24-25. 

Some  small  sinusoidal  waves. 

Feb.  25-28. 
Fairly  strong  irregular  tremors,   especially  on  EW; 
grow  weaker. 

Mar.  1-2. 
Slight  disturbances   throughout  day. 

Mar.  3-5- 

Slight  microseisms. 

Mar.  6-7. 
Slight  tremors. 

Mar.  lO-ii. 
Die  down  but  become  considerably  stronger  toward 
latter  part  of  record. 

Mar.  11-12. 
Marked  sinusoidal  waves  with  strong  groups. 

Mar.  12-17. 
Decrease  in  intensity'. 


Mar.  17-19. 
Stronger  and  more  continuous. 


Mar.  19-24. 
Decrease. 


Mar.  24-25. 
Somewhat  stronger. 
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Mar.  25-31. 
Tremors  much  weaker  at  end  of  the  period. 

Mar.  31-Apr.  I. 
Faint   tremors   most   pronounced   on   W — XS    where 
they  appear  as  groups  of  sinusoidal  waves. 

Apr.  1-2. 
\\'eaker. 

Apr.  2-4. 
Increase. 

Apr.  4-8. 
Die  away. 

Apr.  8- 10. 
Sinusoidal  waves  stronger  again,  especially  on  W. 

Apr.  lo-ii. 

Much  weaker  and  in  detached  groups. 

Apr.  11-12. 

Slow  irregular  disturhances  throughout  day  on  B — 
NS;  occasional  groups  of  sinusoidal  waves  on  W. 
Trains? 

Apr.  12-17. 

Microseisnis,  heing  strongest  on  14-15. 

Apr.  18-19. 
'Microseisnis,  more  prominent  on  W. 

Apr.  21-23. 

Sinusoidal  waves,  stronger  on  21-22. 

Apr.  25-26. 

Some  sinusoidal  waves. 

Apr.  29-30. 

Some  irregular  disturhances  on  B — NS. 

May  6-7. 

Traces  of  microseisms  on  W. 

May  7-8. 

Some  sinusoidal  waves,  in  grouiis. 

May  14-15. 
Some  feeble  sinusoidal  waves. 

May  27-31. 
Same. 

June. 

First  few  days  of  month  slight  traces  of  sinusoidal 
waves  almost  continually  on  both  components  of 
EW,  accentuated  by  trains. 

July  1-2. 

Some  very  slight  sinusoidal  waves. 

July  6-7. 

Slight  and  rather  irregular  microseisms. 

July  15-16. 

Slight  microseisms. 


July  20-21. 

Slight  sinusoidal  waves. 

July  23-24. 

Occasional  sinusoidal  waves  on  \V — EW. 

July  26-27. 

Sinusoidal  waves  on  early  part  of  \V — EW  record. 

Aug.  5-6. 

Microseisms,  stronger  toward  end  of  record 

Aug.  16-18. 

Some  very  slight  tremors  on  EW. 

Aug.  18-20. 
Stronger. 

.\ug.  20-22. 
Die  away. 

Aug.  23-25. 

Tremors  as  above. 

.\ug.  26-29. 
Feeble  tremors. 

Sept.  1-5. 
Slight  sinusoidal  waves,  strongest  on  3-.1. 

Sept.  8-9. 
Slight  traces  of  microseisms. 

Sept.  13. 
Weak  microseisms,  nearly  continuous  throughout  re- 
mainder of  the  month,  being  stronger  on  Sept.  23- 
24,  27-29,  and  weak  on  Sept.  18-19,  25-27,  29-30. 

Sept.  30-Oct.  2. 
Slight  microseisms. 

Oct.  6-8. 
Microseisms  increase  and  wane. 

Oct.  8-10. 

Microseisms  just  visible. 

Oct.  io-i.(. 
Weak  microseisms. 

Oct.  15-22. 

\'ery  feeble  microseisms. 

Oct.  22-24. 

Mucli  stronger  sinusoidal  waves. 

Oct.  24-27. 
\\'eaker. 

Oct.  27-28. 

Practically  disappear. 

Oct.  2S-29. 

Some  slight  rather  irregular  motion. 

Oct.  31-N0V.  I. 
Fairly  strong  irregular  microseisms  all  day,  with  an 
earthquake  superposed  on  them. 
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Nov.  1-2. 
Fairly  strong  sinusoidal  microscisms. 

Nov.  2-4. 
Continue,  weaker. 

Nov.  4-5. 

Slightly  stronger. 

Nov.  5-7. 
Much  less  prominent. 

Nov.  7-9. 
Somewhat  stronger. 

Nov.  9- 1 1. 
Feeble. 

Nov.  11-13. 
Somewhat  stronger. 

Nov.  13-14- 
Weaker,  not  continuous. 

Nov.  14-16. 

Grow  considerably  stronger. 

Nov.  16-17. 
Slightly  less. 

Nov.  17-20. 

Sinusoidal  microseisms.     Principally  in  groups. 

Nov.  20-22. 

Nearly  continuous,  rather  irregular. 

Nov.  22-26. 
Grow  weaker. 

Nov.  2S-29. 
Irregular.     Grow  quite  strong  toward  end  of  record, 
especially  on  B — NS. 


Nov.  29-30. 
Slow  microscisms,  with  occasion.il  groups  of  stronger 
waves.    Best  shown  on  B — NS. 

Nov.  30-Dec.  I. 
Microseisms  visible. 

Dec.  1-4. 
More  sinusoidal  in  character. 

Dec.  4-10. 
Weak  microseisms. 

Dec.  10-13. 
Strong  sinusoidal  microseisms,  slacking  toward  end. 

Dec.  13-1.1. 
Weaker  but  still  conspicuous  on  B,  especially  B — NS. 

Dec.  15-19. 
Weaker. 

Dec.  19-21. 
Rather  slow  and  irregular. 

Dec.  21-24. 

Sinusoidal   microseisms,   with  emphasized  groups. 

Dec.  24-25. 

Practically  no  microseisms. 

Dec.  25-26. 
Feeble  microseisms  toward  end  of  record. 

Dec.  26-27. 
Sinusoidal  microseisms  mostly  in  groups. 

Dec.  27-31. 
Sinusoidal  waves  stronger. 


OBSERVATORY  NOTES 

ON  A  METHOD  ADOPTED  FOR   THE   DETERMINATION  OF  THE   ELEMENTS   OF  SPECTRO- 
SCOPIC BINARIES  WITH  AN  ABBREVIATION  OF  THE  LEAST  SQUARES  SOLUTION 

By  RALPH  H.  CURTISS 


For  several  years  the  writer  has  presented  in 
a  course  on  spectroscopic  binary  orbits  the  vari- 
ous formulae  which  have  been  proposed  for  the 
determination  of  the  elements  of  these  stellar 
systems  from  measures  of  radial  velocity.  In 
connection  with  this  course  all  the  geometrical 
methods,  beginning  with  that  of  Lehmann-Filhes, 
have  been  tested  and  compared  many  times.  Tak- 
ing these  tests  and  comparisons  into  account,  a 
method  has  been  adopted  at  this  Observatory, 
which  is  short,  determinate,  and  quite  satisfac- 
tory in  practice.  The  formulas,  which  are  ob- 
tained easily  from  those  derived  by  H.  C.  Plum- 
mer  on  pages  214  and  215  of  Volume  28  of  the 
Astrophysical  Journal,  are  given  below. 

In  addition  to  the  symbols  more  frequently 
employed  in  this  connection,  we  define : 

7',  the  algcliraic  mean  of  the  maximum  and  mini- 
mum ordinatcs  of  the  velocity  curve,  referred  to  the 
zero  axis. 

'1.  tj.  /j,  ti,  the  ahscissae  of  the  points  of  the  velocity 
curve  corresponding  to  the  ends  of  chords  of  the  orhit 
making  angles  of  45°  with  the  line  of  apsides,  (The 
ordinates  of  these  points,  beginning  on  the  descending 
branch  of  the  velocity  curve  are  7' -|- 0.7071  K', 
7'  — ^0.7071  K,  7'  —  0.7071  K,  and  7'  -t-  0.7071  K  respec- 
tively.) 


V.  the  quantity,  ■/  (£,  —  £,), 

V,  the  quantity,  '/■  (£1  — £=). 

,                •       '^•— '• 

T  ,  tnc  Qusntitx ,  , 

t',  the  quantity,  — - — , 

The  formulae  are : 

2-^T  =2?)  —  sin  2'!  , 

(I) 

2''"7-'  =  2V'  —  sin  2r]', 

(2) 

/     0         ^         ,   cot  17 
tan  (45°— w)  =4 , 

COtl) 

(3) 

COtl                                           cot  7)' 

t  i\ 

tan  0  —         ./o         \   — ■"■                  0 

sm  (45   —t^')              cos  (.13   --W 

~)      *^' 

^'1=45°  —  ". 

f.o 

z',=  go°  -l-f,. 

(6) 

T-t,  —  M^/^i=t,  —  ^f,/|l. 

(7) 

In  applying  this  method  the  quantities,  y' 
dz  0.7071  A',  are  first  computed  and  the  corre- 
sponding abscissae  are  read  off  the  preliminary 
curve.  The  values  of  r  and  t'  are  formed  and 
equations  ( I )  and  {  2)  are  then  solved  by  Table  I 
l;elow.  M  and  c  follow  from  equations  (3)  and 
(4)  and  may  be  checked  roughly  by  Tables  II  and 
111.  I'l  and  <'.,  may  then  be  written  down  from  re- 
lations (5)  and  (6),  il/,  and  .I/,,  corresponding  to 
:',  and  7'.,,  are  taken  from  the  Tables  for  the  True 
Anomaly,  given  in  the  Publications  of  the  Alle- 
gheny Observatory,  Vol.  2,  No.  17.  Two  values 
of  T  follow  from  formula  (7),  and  a  third  more 
briefly  by  noting  the  value  of  t  whose  ordinate  is 
y'  -\-  K  cos  (0.  The  differences  among  these 
values  will  give  some  indication  of  the  departure 
from  ellipticity  of  the  preliminary  curve.  The 
adopted  value  of  T  may  be  a  straight  mean  of 
these  values  or  a  compromise  suggested  by  a  con- 
sideration of  the  conditions  of  the  case. 

An  ephemeris  is  then  computed  at  convenient 
intervals  with  the  formula. 


V: 


■  K  cos  H, 


using  again  the  Tables  for  the  True  Anomaly, 
referred  to  above,  to  proceed  from  M  to  z'.  With 
the  curve  given  by  this  ephemeris  as  a  guide,  it 
is  a  few  minutes  work  to  make  a  second,  and 
usually  final,  determination  of  the  elements  if  the 
first  set  is  not  satisfactory. 

To  facilitate  the  use  of  this  method  Table  I  is 
published  below.  This  table  contains  values  of 
7/  (or  )j')  tabulated  with  t  (or  t')  as  argument 
and  also  first  differences  of  the  tabulated  quan- 
tity. In  form  this  table  is  a  reversal  of  Schwarz- 
schild's  arrangement  (Astronomische  Nachri'ch- 
ten.  Vol.  152,  pages  69  to  72)  of  a  tabulation  of 
the  same  quantities.  The  values  in  Table  I  have 
all  been  computed  and  checked  by  the  present 
writer.      They    correct    certain    discrepancies    in 
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T 

0.0 

O.I 

0.2 

0-3 

0.4 

T 

1 

Bin-. 

V 

DIFF. 

V 

DII-F. 

V 

uirF. 

V 

DIFF. 

0 

oo^oo 

2o°88 

46°6o 

I'Ge 

6o''54 

I"'7 

7i'3i 

0  99 

8o°93 

0°62 

0 

I 

20.88 

5.57 

48.26 

1.58 

C1.71 

1-15 

72-35 

0-59 

81-85 

0.91 

' 

2 

26.45 

3.96 

49.84 

1.51 

62.86 

1. 12 

73-34 

0.97 

82.76 

0.91 

2 

3 

30.41 

3.2J 

51.35 

1.45 

63.98 

I  .  u 

74.31 

0.97 

S3 -67 

0.91 

3 

4 

33.62 

2.73 

52.80 

1-39 

65.09 

1.08 

75.28 

0.96 

84. 58 

0.91 

4 

5 

36.35 

.54-19 

66.17 

76.24 

S5. 49 

r. 

2.42 

1-34 

1.07 

0.95 

0.90 

6 

38.77 

2.21 

55-53 

1.30 

67-24 

1.05 

77.10 

0.94 

86.39 

0.91 

6 

7 

40.98 

2.00 

.56.83 

1.27 

68.29 

1.04 

78.13 

0.94 

S7.30 

0.90 

7 

8 

42.98 

1.87 

58.10 

1.24 

69.-^3 

I  .02 

79.07 

0.93 

88.20 

0.90 

8 

9 

•14.85 

1.75 

.59-34 

1.20 

70.33 

l.OI 

80.  cv 

0.93 

89.  K) 

0.50 

0 

10 

46.60 

60.5.1 

7!  .36 

So.  53 

90.00 

10 

TABLE  IL    VALUES  OF  w  WITH  ARGUMENTS,  r  AND  t'. 


\^t' 

O.IO 

0.20 

0.30 

0.40 

0.50 

0.60 

0.70 

o.So 

0.90 

% 

O.IO 

0.20 
0.30 
0.40 

180.00 
T04. 15 
205.37 
215.42 

165.85 
180.00 
194-15 
209.21 

l.=;4.63 
165.85 
180.00 
199.67 

144-58 
150-79 
160.33 
180.00 

135-00 
135  00 
135  00 
135 -00 

125.42 
119. 21 
109.67 
90.00 

"5.37 
104.15 
90.00 
70.33 

104.15 
90.  CO 

75.85 

60.79 

90.00 
75.85 
64.63 
54.58 

O.IO 
0.20 
0.30 
0.40 

0.50 

225.00 

225.00 

225.00 

225.00 

cmrLE 

45.00 

45.00 

45.00 

45 -oo 

0.50 

0.60 
0.70 
0.80 
0.90 

234.58 
244-63 

255-85 

270.00 

240-79 
255.85 
270.00 
284.15 

250.33 
270.00 
284-15 
295 -.37 

270.00 
289.67 
299.21 
305.42 

315  00 
315  00 
315-00 
315-00 

0.00 
340.33 
350.79 
324.58 

19.67 

0.00 

345.85 

334-63 

29.21 
14.  "5 

0.00 

345.85 

35-42 

25.37 

14.15 

0.00 

0.60 
0.70 
0.80 
0.90 

T^^ 

O.IO 

0.20 

0.30 

0.40 

0.50 

0.60 

0.70 

o.So 

0.90 

r'  \ 

i8o 
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Sclnvarzschild's  numbers.  In  using  this  table, 
'd'hen  T  (or  t')  is  greater  than  0.500  subtract  from 
unity  and  take  the  supplement  of  the  correspond- 
ing rahie  of  -q  (or  »/)• 

Since  the  quantities,  w,  e,  M^  and  M^,  are  func- 
tions of  T  and  t',  tables  with  t  and  t'  as  argu- 
ments  may   be   constructed    from   which   these 


locity  of  the  center  of  mass  of  the  system.  This 
substitution  of  y'  for  y  removes  from  the  equa- 
tions of  condition  the  three  terms  resulting  from 
the  differentiation  of  Ke  cos  w  and  shortens  the 
computation  appreciably,  especially  when  several 
hypotheses  are  needed  and  the  probable  error  of 
y  is  not  determined. 


TABLE  III.  VALUES  OF  c  WITH  ARGUMEXTS. 
T  .\ND  t'. 


0.  ID 

0.20 

0.30 

0.40 

0.50 

T  ^^ 

O.IO 

0.801 

0.740 

0.709 

0.692  ' 

0.687 

O.IO 

0.20 

0.740 

0.624 

0.550 

0.506 

0.492 

0.20 

0.30 

0.709 

0.350 

0.431 

0.350 

0.320 

0.30 

0.40 

0.692 

0.506 

0.350 

0.220 

0.158 

0.40 

0.50 

0.687 

0.492 

0.320 

0.158 

0.000 

0.50 

/^   t' 

O.IO 

0.20 

0.30 

0.40 

0.50 

^^^ 
?-'^^-^ 

XoTC:     If  an  argument  is  greater  than  0.50  subtract 
it  from  unitv  before  entering  Table  III. 


quantities  may  be  taken.  But  in  view  of  the 
brevity  of  the  process  of  computation  of  u,  e, 
M^  and  M.  with  the  aid  of  Table  I  and  the  Table 
for  the  True  Anomalies  it  is  doubtful  whether 
the  publication  of  extensive  tables  of  this  kind 
would  be  warranted.  Such  tables  would  require 
cross  interpolation  and  would  not  find  very  fre- 
quent application.  Herewith  are  given  brief  ta- 
bles which  will  serve  in  some  cases  to  give  pre- 
liminary values  of  w  and  e  and  will  furnish  in  all 
cases  a  rough  check  on  the  computed  values. 

In  the  least-square  solution,  the  mean  velocity, 
y',  may  be  used  as  an  element  instead  of  the  ve- 


Referring  now  to  Schlesinger's  adaptation 
(Allegheny  Observatory  Publications,  Vol.  I,  No. 
6)  of  the  formulae  of  Lehmann-Lilhes,  we  may 
introduce  the  element,  -/,  if  in  equations  (4)  of 
Schlesinger's  paper  we  substitute  for  the  third 
of  the  group  with  its  four  terms  on  the  right 
hand  side,  the  simple  relation,  T'  =  8  y' ;  and  for 
r  in  equation  (5),  T' . 

When  the  least-square  solution  is  completed  the 
center  of  mass  velocity  is  derived  from  the 
equation, 

7  =  7'  —  K  e  cos  w. 

Ann  Arbor,  :\Iich.,  January  11,  1916. 


DISCOVERY  OF  TWO  BRIGHT-LINE  STARS  OF  CLASS  B 

By  PAUL  W.  MERRILL 


V  GEMINORUM. 
o  =  6"j3"'.i;  S  .= -\- 20"  17' ;  Mag.  =  4.1;  Class  B5. 

A  feeble  bright  Ha  line  is  seen  in  the  spectrum 
of  this  star  on  plates  taken  on  the  nights  of  No- 
vember 12  and  December  3,  1915,  apparently  be- 
ing superposed  on  a  broad,  weak  absorption  line. 
The  other  hydrogen  lines  Show  no  distinct  bright 
portions.  The  star  thus  belongs  to  the  Electra 
group'  of  bright-line  stars  of  Class  B. 

The  hydrogen  lines  other  than  Ho  are  rather 
wide,  diffuse  absorption  lines,  but  several  show 
a  narrow  central  core,  the  effect,  perhaps,  of  in- 
visible bright  components.  Calcium  K  is  present 
as  an  absorption  line,  possibly  with  bright  bor- 

^Lick  Bui,  7,  176,  1913. 


ders.     Several  weak  absorption  lines  of  helium 
and  other  elements  are  also  seen. 

This  star  was  found  to  have  a  variable  radial 
velocity-  by  the  Ycrkes  Observatorj'. 

(i  CANIS  MINORIS. 

0  =  7"  2i'".7 ;  5  =  -I-  8'  29' ;  Mag.  =  3- 1 ;  Class  B8. 

Photographs  taken  on  December  3  and  Decem- 
ber 10,  191 5,  show  a  bright  Ha  line  in  the  spec- 
trum of  this  star,  superposed  on  weak  absorption. 
As  the  other  hydrogen  lines  are  dark  it  should 
also  be  included  in  the  Electra  group.  Several 
hydrogen  lines  show  traces  of  structure  similar  to 
that  described  above  for  v  Geminorum.  Aside 
from  the  hydrogen  lines  the  spectrum  is  nearly 
continuous. 


'Ibid,  6,  22,  1910. 


OBSERVATIONS  OF  COMET  TAYLOR,  1915  e 

Made  at  Ann  Arbor  With  the  12% -inch   Refractor 
By  BERNHARD  H.  DAWSON 


1915 
1916 


ANN  ARnOR 
M.  T. 


A  PP.  S 


LOG  p  .  A 


FOR  5 


Dec.   10 
Jan.     7 


11"  57"  35' 
9  51      7 
10  35     5 
10  22     o 


—  6?  63  -|-7'53''4 

—  27.93  —6     0.1 

—  28.38  —5    12.4 
— 12   0.0 

+  .^1.63  


5"  20"' 25^87 
5  6  49.73 
5     6   49-28 


6  42.3; 


+   o"49'25'.'7 


8.i496n 


-I- 10  14  31-7  8.2954» 

-)- 10  IS  19.4  j    8.8130 

-I- 10  40  34.1         

8.8858 


0.7630 
0.6662 
0.6672 
0.6614 


MEAN  PLACES  OF  COMPARISON'  STARS. 


* 

a 1915.0 

RED.  TO 
APP.  PL. 

s  1915.0 

RKD.  TO 
APP.  PL. 

AUTHORITY. 

I 

5''2o'"27548 

+  5?02 

-|-    o°4i'2i'.'o 

-|-  1 1  "2 

A.  G.  Nicolajew,  1300. 

1916.0 

1916.0 

2 

5    7    15-52 

+  2.14 

-I- 10   20  25.7 

+   6.1 

A.  G.  Leipzig  L  1547- 

3 

5    6     8.55 

-1-2. 17 

+  10  52  27.9 

+  6.2 

BD  -1-  io°726,  connected 

with  *4. 

A.  G.  Leipzig  T,  1535- 


'2  was  connected  with  A.  G.  Leipzig  L.  1553.  -^°  = — 40'97,  -^5  1:1 -f  i' 58"6. 

Ann  Arbor,  January.  1916. 


NOTE  ON  REPRODUCTIONS  OF  SPECTRA  IN  THIS  VOLUME 

By  RALPH  H.  CURTISS 


The  reproductions  of  spectra  in  this  volume 
have  been  made  by  the  writer  with  a  commer- 
cial enlarging  camera  of  the  usual  pattern  to 
which  has  been  attached  in  place  of  the  original 
plate  holder  a  special  apparatus  for  widening 
spectra,  designed  by  the  v^'riter  and  constructed 
in  the  Observatory  instrument  shop  by  JMr.  E.  J. 
Colliau. 

This  special  apparatus  for  widening  spectra 
employs  the  clepsydra  principle,  the  fluid  ele- 
ment being  a  high  grade  of  machine  oil.  A  cyl- 
inder of  commercial  brass  tubing  is  mounted 
with  its  axis  vertical  immediately  below  the  plate 
holder.  A  brass  piston  ringed  with  rawhide  fits 
tightly  in  the  cylinder.  Two  tubes,  leading  from 
the  lower  to  the  upper  end  of  the  cylinder,  form 
outside  connections  around  the  piston,  one  with 
a  stop-cock  for  fast  motion  and  the  other  with 
a  screw  valve  permitting  very  slow  motion  cap- 
able of  accurate  regulation.  The  piston  rod  ex- 
tends upward  from  the  cylinder  to  the  lower  side 
of  the  plate  holder.  x-Vs  the  plate  holder  moves 
vertically  in  ^^-groove  guides  its  weight  is  car- 
ried solely  by  the  piston  rod. 

The  source  of  light  is  a  pair  of  nitrogen  tungs- 
ten lamps  with  a  combined  candle  power  of  about 
four  hundred.  Two  parallel  ground  glass  plates 
diffuse  this  light  properly  before  it  reaches  the 
subject  to  be  enlarged.  The  spectrogram  is  set 
with  the  direction  of  dispersion  horizontal,  ;.  e., 
with  the  spectrum  lines  vertical.  Near  the  image 
plane  adjustable  diaphragms  limit  as  desired  the 
region  to  be  photographed;  and  slides  of  differ- 
ent apertures  in  the  plate  holder  detennine  the 
length  and  width  of  the  photograph  and  make 
it  possible  to  expose  star  and  comparison  spectra 
side  by  side  on  the  same  plate. 

When  an  exposure  is  to  be  made,  the  dia- 
phragms and  slides  in  front  of  the  photographic 
plate  having  been  properly  adjusted,  the  clep- 
sydra stop-cock  is  opened  and  the  piston  rod 
with  the  plate  holder  resting  upon  it  is  raised  to 
its  initial  position.     The  stop-cock  is  closed ;  the 


light  is  turned  on  and  the  plate  holder  is  allowed 
to  fall  by  its  own  weight  and  that  of  the  piston 
rod  and  piston  against  the  resistance  of  the  clep- 
sydra fluid  flowing  through  the  slow  motion 
valve,  which  must  be  set  in  advance  for  the 
length  of  exposure  desired.  When  the  exposure 
is  started  the  attention  of  the  operator  is  no  long- 
er required  as  the  exposure  is  stopped  automat- 
ically when  the  plate  holder  falls  to  a  certain 
point. 

The  apparatus  in  its  present  condition,  as  used 
in  the  preparation  of  the  reproductions  of  spec- 
tra in  this  volume,  is  avowedly  in  preliminary 
form.  Antifriction  bearings  have  not  been  used 
and  the  cylinder  of  ordinary  commercial  tubing 
has  not  been  bored.  In  this  state  the  instrument 
could  not  be  expected  to  give  perfect  results  but 
its  performance  is  satisfactory  for  many  pur- 
poses. 

The  reproductions  in  the  present  volume  have 
been  enlarged  from  six  to  eight  fold  in  length 
and  from  35  to  50  fold  in  width.  The  original 
copies  have  been  made  on  Seed  23  or  Process 
l^lates.  Negatives  were  then  made  on  Process 
plates  and  from  these  the  prints  were  made.  The 
spectra  of  each  set  were  brought  to  the  same 
scale  by  altering  the  image  distance  in  the  en- 
larging camera,  though  this  reduction  to  identi- 
cal scale  was  not  accurately  possible  for  two 
spectra,  the  one  made  with  the  first  prism  used 
in  our  spectrograph  and  the  other  made  with  the 
prism  now  in  use.  Also  interesting  difficulties 
were  encountered  in  bringing  spectra  made  with 
the  same  prism  into  exact  linear  correspondence 
because  of  scale  variations  arising  in  the  same 
or  different  papers  after  printing. 

PLATE  C. 

The  spectra  of  y  Cassiopeia  and  /3  ^lonocer- 
otis  with  titanium  comparison  show  interesting 
types  of  emission  lines  both  of  hydrogen  and  of 
the  metals.     The  central  reversals  of  the  hydro- 
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gen  lines  develop  strongly  in  /3  Monocerotis 
whereas  in  y  Cassiopeioe  the  broad  absorption 
borders  of  these  lines  are  relatively  strong.  The 
variation  of  these  features  from  line  to  line  may 
be  observed  in  accordance  with  published  de- 
scriptions except  in  the  case  of  the  Hy3  line  in 
y  Cassiopeiae's  spectrum.  This  line  is  abnormally 
weak  because  the  original  was  made  on  a  lan- 
tern slide  plate  which  was  not  sensitive  in  this 
region.  Absorption  lines,  especially  of  helium, 
are  brought  out. 

PLATE  D. 

This  plate  reproduces  five  spectrograms  of 
f*  Cygni  exhibiting  the  progressive  increase  in 
the  intensity  of  hydrogen  absorption  with  the 
lapse  of  time,  together  with  a  change  of  struc- 
ture most  clearly  seen  in  the  case  of  Hj3.  The 
other  absorption  lines,  mainly  due  to  helium, 
show  little  or  no  changes  in  intensity.  In  the 
fourth  photograph  two  relatively  sharp  absorp- 
tion lines  near  118  are  easily  recognized  as  spuri- 
ous features  due  to  pin  holes  in  the  original  neg- 
ative. 

PLATE  E. 

These  two  spectra  of  H.  R.  985,  the  one  made 
in  1912  and  the  other  in  1916,  bring  out  changes 
in  the  structure  of  the  hydrogen  lines  in  the  in- 
terval of  four  years.  The  emission  is  stronger 
to  the  right  of  the  central  absorption  of  H8,  Hy 
and  H^  in  1912  and  to  the  left  in  1916.  No  cer- 
tain change  is  noted  in  the  helium  lines,  which 
are  very  broad  and  diffuse  as  in  f^  Cygni. 

PLATE  F. 

In  order  to  permit  of  a  scale  of  enlargement 
not  too  small  and  to  adapt  the  exposure  time  to 
the  different  densities  in  its  different  parts  the 
spectrum  of  0  Ceti  has  been  reproduced  in  two 
overlapping  sections.  The  second  section  is  not 
strongly  exposed  in  the  original  and  hence 
strong  contrast  could  not  be  expected  in  the  copy. 
The  weakness  of  G,  the  strength  of  g  and  the  ab- 
sence of  He  in  the  series  of  bright  hydrogen 
lines  are  notable  features.  The  spectra  of  S 
Hydrse  and  ^^^  Lyrae  were  enlarged  without  wid- 


ening and  were  reproduceil  in  parallel  in  order 
to  show  the  range  of  displacement  of  H8  and 
Hy  emission  lines  in  two  different  stars. 

PLATES  G  AND  IL 

These  plates  include  our  best  photographs  of 
spectra  of  Class  R  compared  with  the  spectrum 
of  the  Sim  (Class  G)  and  a  Arietis  (Class  K2) 
on  the  one  side  and  with  several  Class  N  spectra 
on  the  other.  The  spectrum  of  U  Hydra  at  the 
end  of  the  series  is  known  as  the  standard  of 
Class  N.  The  series  has  been  arranged  as  near- 
ly as  could  be  judged  in  the  order  of  develop- 
ment from  the  solar  type  to  Type  IV.  In  this 
series  the  spectra  of  Class  R  supply  graded  steps 
in  the  transition  from  Class  G  to  Class  N  with 
some  overlapping  of  late  R  and  early  N  spectra. 
The  arrangement  in  order  of  development  is 
based  largely  on  the  increasing  absoqnion  in  the 
r^ion  of  shorter  wave-length  partly  due  to  in- 
creased general  absorption  in  this  region  and 
partly  to  strengthening  of  the  absorption  of  Cy- 
anogen Group  HI  beginning  at  X  4216  and  partly 
to  Group  V  of  the  Swan  spectrum.  In  the  cop- 
ies it  was  intended  to  preserve  the  intensity  ra- 
tios of  the  same  regions  on  the  different  original 
plates  and  to  bring  all  plates  to  a  similar  degree 
of  contrast.  Obviously  the  actual  intensity 
curve  of  an  original  plate  is  an  accidental  effect 
due  to  the  combined  influence  of  many  factors 
aside  from  the  real  distribution  of  energy  in  the 
star's  light  before  it  enters  the  earth's  atmo- 
sphere. But  comparison  among  different  plates 
made  with  the  same  apparatus  is  of  the  greatest 
value.  On  the  different  negatives  in  the  first 
half  of  the  series  the  strength  of  the  region  bor- 
dering the  carbon  band  near  A.  4700  on  the  side 
of  greater  wave-length  was  kept  at  nearly  uni- 
form density  but  in  the  second  half  this  region 
was  made  less  dark  in  order  that  the  interesting 
region  on  either  side  might  not  be  printed  out. 

The  average  strengthening  of  the  carbon  bands 
at  and  near  A  4700  down  the  series  was  a  cri- 
terion also  employed  in  arranging  these  spectra 
in  order  of  probable  evolution  though  notable 
variations  from  this  rule  are  evident. 
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The  weakening  of  some  lines  and  the  strength- 
ening of  others  down  the  series  v.ere  also  kept 
in  mind.  .  These  changes,  which  are  brought  out 
quantitatively  in  Doctor  Rufus's  tables,  are  very 
interesting  and  in  some  cases  very  conspicuous. 
Among  such  changes  may  be  mentioned  the 
strengthening  in  Class  R  of  a  line  near  A  4224 
very  close  to  the  g  line  on  the  side  of  shorter 
wave-length,  and  the  weakening  of  H8,  Hy  and 
Hp.  Doctor  Rufus  refers  especially  to  the  vari- 
ations in  the  group  of  lines  near  H^  on  the  side 
of  greater  wave-length.  These  variations  may 
be  followed  down  the  entire  series.  Of  these 
lines  A  4958  is  designated  on  Plates  G  and  H. 
The  lines  used  by  Adams  and  Kohlschiitter  to 
determine  spectral  class  by  comparison  with  Hy 
and  H;8  may  be  identified  easily  on  the  repro- 
ductions though  in  every  case  they  are  blended 
more  or  less  with  close  lines.  \  4326  and  X  4352 
are  the  first  well  defined  lines  on  either  side  of 
Hy.  A  4872  is  the  first  line  visible  to  the  right 
of  H^.  A  4405  and  A  4958  are  indicated.  In  the 
sun  Hy  is  blended  with  a  close  line  of  shorter 
w^ave-length  from  which  it  is  resolved  in  a  Arie- 
tis.  Of  the  lines  which  Adams  and  Kohlschiitter 
found  strong  in  high  luminosity  stars  of  Class 
K,  A  4216  is  at  or  near  the  head  of  a  cyanogen 
band  in  Class  R,  A  4395  is  the  second  line  to  the 
left  of  A  4405  and  A  4408  is  the  first  line  to  the 


right  of  A  4405.     A's  4395  and  4408  are  not  es- 
pecially strong  in  spectra  of  Class  K. 

The  interesting  divergence  of  the  spectrum  of 
B.  D.  —  10°.  5057  from  the  general  type  of  other 
members  of  Class  R  is  obvious  in  Plate  G.  Hy, 
H/3  and  G  are  absent  or  weak  in  this  spectrum. 

PLATE  I 
This  plate  is  intended  to  bring  out  the  impor- 
tant steps  in  the  transition  from  the  solar  spec- 
trum to  that  of  a  standard  Class  N  star.  For 
this  purpose  selections  have  been  made  from  the 
spectra  in  Plates  G  and  H. 

PLATE  J 

This  plate  furnishes  a  comparison  of  the  solar 
spectrum  with  the  "earliest"  Class  R  spectrum 
in  Plates  G  and  I.  Both  of  these  copies  have 
been  shaded  to  show  the  spectral  features  to  the 
H  line  and  have  been  reproduced  on  a  scale 
somewhat  greater  than  that  of  Plates  G  and  H. 
The  spectrum  of  the  titanium  spark  at  the  top 
establishes  wave-lengths  for  the  identification  of 
faint  lines.  The  spectrum  of  an  "early"  Class 
N  star  is  added  for  comparison  at  the  bottom. 

The  spectra  in  Plates  G,  H,  I  and  J  support 
ver\'  clearly  Doctor  Rufus'  conclusion  that  spec- 
tra of  Class  R  form  the  connecting  links  between 
Class  N  and  the  solar  spectrum. 
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